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Executive Summary

S.5. Papadopulos & Associates (SSP&A) has reviewed the Draft Report by the US.
Environmental Protection Agency (EPA) "Investigation of Ground Water Contamination near
Pavillion, Wvyoming" (Draft Report), which was released on December 8. 2011, SSP&A's
review indicates that EPA has not provided sufficient data nor analysis to support most of the
report’s conclusions.  The data in the Draft Report do demonstrate the existence of shallow
groundwater contamination associated with surface activities at gas drilling and production
locations. This contamination was alrcady known, however, and i s be ing actively investigated
by Encana Oil & Gas USA, Inc. under the direction ofthe Wyoming O1l & Gas Conservation
Commission (WOGCC) and the Wyoming Department ot Environmental Quality Voluntary
Remediation Pr rogram (WDEQ VRP). Notably. EPA has not been able to identify m source of
taste and odor problems in domestic wells that initiated the study.

The Pavillion arca 1s unusual in that the aguifer and gas-producing formations ocour
within the same geologic unit. For any study to conclusively address impacts from hydraulic
fracturing activities, USEPA must adequately distinguish between potential natural impacts and
those from gas drilling activities. Our review of the Draft Report suggests that EPA has not
completed the work necessary to distinguish these potential sources.  Specific shortcomings
include:

e poor study design. lack of appropriatc conceptual model. and failure to fully
evaluate alternative h }w theses:

e a lack of both baseline and background data for key parameters. including
methane, and MMMH;} occurrting organic compounds that would be dcwcwd and
reported as dicsel-range organics (DRO) and gaml ie-range organics (GRO);

e analytical concerns related to false positives, nmappropriate quantification, and
lack of appropriate validation of laboratory data and methods;

e problems with construction, devclopment (purging) and sampling of the deep
monitoring wells;

o the tact that EPA's conclusions regarding the impact of hydraulic fracturing fluids
are based prumarily on a total of four samples, two from cach of two deep
monitoring wells; and

o the fact that EPA never adequatcly addressed the original project aims of

determining the source of taste and odor complamts in residential wells,

EPA's most noteworthy conclusion, that hydraulic fracturing fluids have impacted
groundwater, rests primarily on analytical results from deep m‘ummrmg wells MWO1 and
MWO2Z.  These wells were only sampled twice. and information provided by EPA show
significant concerns with those resulis. Field notes onwell construction indicate that the wells
were built, developed and sampled so that the water samples were 1n contact with cement grout,
cuttings and other additives that could have caused elevated levels of potassium (K), pH, and
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organic compounds including glycols observed n the deep monitoring  well  samples.
Calculations of tha amount of water contained in borehole storage suggest that the samples from
MWOT and MWO2 likely contained significant amounis of borchole water and other possible

contaminants and thus arc not re jamwmuw of the aquifer formation water. Furthermore, there
are indications that fhaw two wells (screencd at depths of 765-785 feer bgs and 960 to 980 fect
bgs) are open to depths where naturally occurring gas horizons may be present, contributing
hydrocarbons and chloride (Cl).  Both wells appear to be screene ed decper than any nearby
domestic wells, based upon data from the Wyoming State Engineer's Office.

Analytical and interpretive issues are present for a number of analytes. These issues
would be clatified by a full data validation cxcrcise.  For cxample, while EPA reports
widespread detections of diesel-range organics (WH(M chromatograms of these samples rarely
match standards for the analytical method, calling into question their quantfication.  Similarly,
the chromatograms for gasolinc-range organics (GRO) arc generally a poor match to standard,
and GRO components (e.g. benzene) were not detected in those samples. EPA has not
adequately investigated these DRO and GRO results to understand their physical meaning, nor
Ufmmmﬂ quali ificd them in the report to Mdnum that they may represent naturally occurring
organic {:mrm)wm,m A number of petroleum-related compounds were detected in b lank samples,
and the correlative samples were not ampmpmaidy qualified in the draft report as non-detect or
falsc positives,

For EPA to adequately test their wwm sis that deep groundwater in the Pavillion area 1s
nnpacted by hydraulic fracturing m;" itics, additional work, including additional sampling of
wells MWOL and MWO2 is required. Even if'additional samples are collected from these wells,
however. they will not address all the shortcomings in EPA’s study. An tmproved study design
is required that considers the hydrogeologic conditions ncar sampling ]mmwmxfm the presence of
pre-existing, naturallv occurring petroleum compounds, and the acrual migration pathways
between potential sources and receptors, both in the shallow and deep portions of the aquiter.
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Section 1
Introduction

S.S. Papadopules & Associates (W%Z\} has reviewed the Draft Report by the U.S.
Environmental Protection Agency (EPA) vcwwm n of Ground Water iﬂnMﬂWaM)n near
Pavillion, ‘w‘wmum (Draft Report) that was relcased on December §, 2011 (U.S. EPA, 201 1a
As part our review, SSP&A downloaded all files provided by E ”x on its Pavillion waﬂmm
(hm:yx/wwwen‘)aww'mmmé%/s;mmc*rf‘m nd/wy/pavillion ) and pmr% linked thereto. Additional files
uploaded by EPA on January 31, 2012 were @%ﬂ reviewed. ! Because EPA's production did not
include all files related 1o fi ﬂd sampling activitics, SSP&A submitted a FOIA request to | EPA for
these files on February 7, 2012 (Appendix A). %nc) FOLA files have not yet been received.

SEP&A also reviewed the Wyoming Oil & Gas Conscrvation Commission (WOGCC)
Pavillion Working Group files available ar http:/wogce state wy.us . SSP&A reviewed the files
that were available through February 27, 2012 (EPA's original date for submission of comments
on the Draft Report).

Additional mformation reviewed by SSP&A  staff included files maintained at the
Wyoming Department of Environmental Quality (WDEQ) offices in Lander, and articles from
the scientific hiterarure

This report presents SSP&A's observations regarding the report's mcthods, data and
conclusions.  We have focused on the degree to which the data support EPA's conclusions
regarding the impact of hydraulic fracturing activiiies on groundwater. Because certam aspects
of the investigation (c.g. well construction methods, laboratory methods) 1mpact many of the
results and “mmcﬂ usions, this report is organized by those subjects. In addition, the final scetion of
this review addresses each of E?E%&’; conclusions (from Section 4 of the Draft Report)
individually. Page numbers cited 1n this review refer to the Dratt Report, unless otherwise noted.

To assist in evaluating laboratory data, SSP&A contracted the assistance of QA/QC
Solutions, LLC, an analytical chemistry consulting firm.  QA/QC Solution's full report 1s
Y Y
provided i Appendix B, Many ofits conclusions are cited within the following discussions.
A E

In addition, Echelon Applied Geoscience Consulting prepared a focused review that
specifically a Hmmw methane detections in groundwater samples. This document s included
ppendix C, and referenced in this report.
The review presented here is necessarily  incomplete because some documents have not
been made available 10 a timely manner during the public review period.  SSP&A reserves the
right to alter and/or update our opinions 1f new mformation becomes available.

i

In uploading new files, EPA “mm xd from pubiic access mn e files that had previously been available

T addition, the fle count after January 31, 2012 was lower than the 6272 files in fmmi on EPA's mw ¢, Alter e-
mail correspondence with USEPA sl ‘L additional files were up mam but there mav be a discrepancy  between
what EPA intended to make available, and what was actually available to the public.

]
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Section 2
Technical Issues in the EPA Draft Report

This review focuses on technical issues in the EPA Draft Report and highlights those
issues that may compromise its stated conclusions. Some of these shortcomings {e.g. too few
samples from the deep monitoring wells) can be resolved ina z"‘"mt ively straightforward manner,
Other uhm“ta:w‘mmw (c.g. lack of bascline um) are more difficult to address, and also suggest a
study design that 1s insutficient to support 1ts conclusions. ‘Hwa P willion area is unusual in that
the aquifer and gas- pmdmmu formations occur within the same geologic unit. For any study to
conclusively  address impacts from human activitics, USEPA must adequately  distinguish
between potential natural 1mpacts and those from gas drilling acuivities.  Our review of the Dratt
Report m‘gu ests that EPA has not completed the work necessary to distinguish these potential
sources. In addition, there arc important questions about the quality of data collection and
analytical methods used. casting doubt on the limited data set used to support EPA's conclusions

Bricfly, the arcas of concern fall into the following categories:

e Poor study design, lack of appropriate conceptual model, and failure o tully evaluate
alternative hypotheses;

o A lack ofboth baseline ‘ﬂd background data for key parameters, including methane, and
naturally occurring organic compounds that would be detected within the dicsel-range
organics (DRO) and ge m@ﬂ inc-range organics (GRO) windows;

e Analytical concerns related to talse positives, inappropriate quantitation, and lack of
appropriate validation of laboratory data;

e Problems with construction, development (purging) and sampling of'the deep monitoring
wells. These 1ssucs may have compromised the results for Total Dissolved Solids (TDS},
chloride (Cl), potassium (K), pH, and organic compound uscd to support EPA's
interpretation of impact on these wells from hydraulic fracturing fluids; and

o LEPA's conclusions regarding the impact of hydraulic fracturing fluids arc based primarily
on two samples each, from the two decp monitoring wells.

2.1 Chemical Compounds in Domestic Wells

EPA's most noteworthy @‘mcﬂwﬁm in the draft report, that hydraulic fracturing fluids
have 1mpacted groundwater, rests primarily on an uﬂmmﬁ rm lm from deecp monitoring wells
MWO1 and MWO02 installed and samy ﬂmi in Phases [l and IV (Figure 1). The vast majority of
samples, however, were collected from domestic @wﬂ” (“P(;E?W” samples in Figure 1) and
shallow monitoring wells associated with pits ("PGMW" samples in Figure 1)1n Phases | and 11,

Notably, EPA dic 'i not demonstrate actual impacts of hydraulic fracturing on domestic
wells in Phases [and I, Thus the Phase I and [V focus almost entirely on deep monitoring

wells 1s puzzling.  As wiH be discussed later, this reflects the lack ofan adequate conceptual
model for the site investigation,

[
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EPA's approach would be understandable 1f 1t assumed that methane, gasoline-range
organics (GRO)Y and diesel-range organics (DRO) must be evidence of anthropogenic impact on
domestic wells. But EPA did not provide sufficient information on background or bascline
concentrations of methane to demonstrate an anthropogenic impact on domestic wells. As will
be discussed in greater detail later, the DRO and GRO results trom the domestic wells are
E’mwmmﬂy derived from natural organic compounds untelated to gas dzuH ing activities, and are
generally inconsistent with the standards used to quantify these results,

211 Methane

During Phases Tand [I, EPA did demonstrate that methanc was present in wells situated
over a broad area centered on ﬁhc Wind River-Fort Union structural high (Mueller, 1989) and the

Pavillion gas field (Figure 2). In reality, several hypotheses for the presence of methane in the
water supply wells arise from these associations:
o The structural high s an arca that has naturally occurring methane in Wind River
formation watcr-bearing sandstone lenscs; and/or
o Methane is entrained in fluids leaked historically from pits or other structures at gas
drilling and production %mmwm;; and/or

e Mcthane in the Wind River aquifer reflects enhanced migration associated with gas well
de 1g and construction activities (including hydravlic fracturing).

None of these scenarios is adequately addressed m the Draft Report, however.

The presence of thermogenic methane 1n shallow or deep wells does not necessarily
indicate enhanced migration in these areas due to hydraulic ?’i‘%c;‘tu’mw activities. In fact, the
existence of a background methane component in Pavillion groundwater 1s not surprising given
the location of the mvestigation over astructural high in an area known to have shallow gas
(im@@m "K“hc D ’ﬂ Report {p. 27) notes cvidence for methane based on a review of open-hole

These indicate the presence of gas-filled porosity at three locations at depths
f %%./ 20?% m 252 meters (650, 682, and 827 feet) between the vears 1965 and 1973, These
results would suggest the presence of natural gas in groundwater  at depths used for domestic
water mmpﬂy prior to extensive commercial development.  Additionally, a U.S Burcau of
Reclamation report documenting work on the Riverton irrigation project (USBOR, 1951,
excerpts in Lander DEQ files) describes a water supply well in the Wind River formation 3 miles
east northeast of MWO1 that required plugging after it reached a depth of 500 feet below ground
surfacc (bgs) due to gas n the water. EPA dismisses shallow gas indications (page 27), but
without sufficient documentation and discussion to adequately address the point.

The presence of gas innon-producing  arecas of other sedimentary basins 18 well known.
For cxample, in the Piccance Basin in western Colorado, several domestic wells drilled into
Tertiary sedimentary rocks similar to the Wind River ﬁw 1ation have thermogenic methane
concentrations in excess of [ mg/LL {S.S. Pa mdmm 0s & Associates, 2008). These wells are
located on the apex of the Divide Creck anticline, but arc more than onc mile south of the
actively producing Mamm Creek gas field. Recent studics on the Appalachian basin also indicate
that bascline methane detections are common in other petroliferous regions (Baldassare et al., in
press; sce Appendix C).

>
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2.1.2 Other Organic Compounds

The Pavillion study began in 2008 as an investigation of taste and odor complaints n
domestic wells, vet the Draft Report failed to find contamination or source(s) of contan nation
that caused these complaints. Confirmed detections of significant groundwater contamination at
depths shallower than MWO01 and MWO02 occurred only inthe pit monitoring wells, ﬂ«)@‘:‘amm
where historical surtace sources of contamination were known, and are currently undergoing
investigation and/or remediation. At this time, no confirmed detections that could conclusively
be tied to hydraulic fracturing activities have been shown for any of the domestic wells sampled
throughout the four phascs of the EPA tnvestigation.

Notably, EPA did not rmwdu a summary of organic compounds detected n domestic and
pit monitoring wells, Table 1 1s a summary of the potentially anthropogenic compounds reported
by EPA as being detected in domestic wells (wells with the prefix "PGDW"). The vast majority
of'these compounds were detected at sub-ppb or low-ppb concentrations, and alarge fraction
wete only detected n qualified results for which no confirmation was pursued. As can be seen
from this table, many M the compounds arc unlikely to be associated with hydraulic fracturing
(chlorofluorocarbons) or have many potential sources (pentanes, toluene).

In the Draft Report, EPA has identificd the adamantancs as potentially indicative of
hydraulic fracturing 1mpact.  Adamantanes are naturally-occurring  compout 'ad.@ found m
hydrocarbons and natural gas cm‘adcmaw (Stout and Douglas, 2004).  All of the Phase I results
for 1,3-dimcthyl adamantine were qualificd duc to holding time issucs, and all of the Phase 1V
detects were also qualitied. |, %hmmimﬂ adamantine was also reporied asa TIC ma Phase [V
blank sample. For adamantane, a single unqualified result was reported in Phase IV (PGDW 32
at 012 Tg/l). Although this result might have survived a full laboratory validation, it is
insufficient evidence to attribute to the results of natural gas production activities in the Pavillion
ared.

Clearly, there has been substantial difficulty n quantifying and validating the presence of
adamantanes in domestic wells, And since none of the other detections make a clear or strong
casc for impact of hydraulic fracturing fluids or petroleum products, it is premature for EPA to
use these data to establish such impact.

2.1.3 Inorganic Compounds

EPA failed to adequately consider other factors potentially contributing o taste and odor
problems in domestic wells and whether or not these have changed over time. Water quality in
d)mwt ic wells 1s being impaired, at least in part ‘fm/ naturally-occurring  dissolved inorganic ions
and bacteria that affect tastc and odor (sce 1 ahﬂ lin URS Phase Il Report).  As shown in
Figures 3 and 4, most shallow groundwater exceeds wcwi"ndmv drinking water quality criteria for
total dissolved solids (TDS) and sulfate. These standards (500 mg/L and 250 mg/L, respectively)
are non-enforceable guidelines regarding contaminants that may cause acsthetic cffects (such as
taste, odor, or color). The high concentrations of TDS and sulfate are consistent with other
studics in Fremont County that discuss a simiar natural a;‘{mhi' of groundwater resources
(USGS, 1995; USGS, 1996; WWDC, 2011} They are also consistent with specific conductance
data from the U.S. Geologic Survey's NWIS and NURE data sets (USGS, 2012a & 2012b).
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Based on USGS water quality samples from the Wind River formation (USGS, 2012a),
the concentrations of major ions have not changed over time. This 1s neither consistent with
hydraulic fracturing as the source of well-impairing  constituents, nov asa significant factor in
overall groundwater composition. A comparison  between water quality from EPA's Pavillion
Area Study and historical data collected by the U.S. Geological Survey (USGS, 2012a) prior 10
extensive natural gas production activities s also included in Figures 3 and 4. Figure 3
illustrates the similarity between TDS data from the 1940s to the present. As shown in Figure 4,
reported sulfate concentrafions were generally higher for the period 1948-1960 than the most
recent pertod of time (2000-present; USGS 2012a). Also, a Durov diagram of this same data
(Figure 5)1llustrates that the overall water chemistry of shallow groundwater has not changed
(symbols representing each time period generally overlap one another in the compositional fields
shown in the diagram). Therefore, an increase in total ion abundance over time cannot be
demonstrated.

Chlonide 1s an important diagnostic compound associated with deep produced water
chloride (Benko and Drewces, 2008). It occurs at low concentrations in shallow domestic wells
(Figure 6). As shown in Figures 5 and 6, MW02 and produced water are characterized by high
levels of chloride that distinguish it from all shallow groundwater. The relatively low chloride
concentrations in shallow domestic wells have not changed over time, suggesting no observable
influence from deep groundwater that might have been mobilized with hydraulic fracturing

flurds,

2.2 Depths and Locations of Wells MWOI and MWO2

The EPA’s Pavillion investigation was mitiated 1 response 1o complaints by domestic
well owners regarding objectionable taste and odor problems. The Draft Report, however,
provides msufficient information onthe location or history ofthese complaints to ur iamam
their context within the results presented. In siting monitoring wells MWOL and MWO02, |
scems to have been pursuing a potential source of decp contamination that could be a&;fmgtmwd
with hydraulic fracturing near domestic wells on the Kmd«m and Randall properties (GWERD
QAPP, 2011y, It so, this should have been justified and claritied through an illustrated
conceptual model including maps of these smaller study arcas, a full presentation of the domestic
well results, and a detailed narrative of their history, including a review of historical water
quality.

EPA's failure to present and illustrate a rationale for the placement of the deep
montoring wells results in the fatlure to address some key issues associated with them.

&

Specifically, while both mounitoring wells are located ncar producing gas wells, they are also

located such that impacts from hydrocarbons, whether naturally occurring or duc to gas
production activities, would be maximized.

e The monitoring wells arc situated on the structural apex of the Wind River-Fort Union
dome (Muell um, 1989). Migration of methane is enhanced by natrally occurring bedrock
fractures, which would be more abundant 1 an arvea of rensional stress such as a dome or
anticlinal featurc. As noted by Johnson et al. (2007), "there 1s gﬁ@d cvidence that mature
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gases from deep sources migrated into units as young the Focene Wind River
Formation where overlying units are fractured..”

e The monitoring wells arc located in arcas where gas shows shallower than 1,000 feet bgs
have previously been interpreted from electric log analyses (Figure 7) (Likwartz, 2007,
Schmie, 2010); and

e The monitoring wells arc located n areas where gas shows have been observed 1n well
perforations at shallow depths.  For example, in Tribal Pavillion 44-3 (API# 49-13-
21906, located "4 mile north of MWOL), one perforation at 699-711 feet showed gas
during initial flow testing.  These perforations were @uhsmigummﬂy cemented  shut
M(} neezed) shortly after the flow testing. (WOGCC website sundry notices, file
] wmmw 1pdf).

MW(} sscreened at a depth of 765-785 feet bgs, deeper than the shallowest gas shows
in well 44 ﬁ'z is also deeper than the shallowest gas shows interpreted from elecirical logs for
all the gas production wells within ¥ mile of'the monttoring well, Similarly, MWO02, which 1s
screened from 960-980 feet bgs, 1s within 2 mile of five gas wells where electric log
interpretations suggest the presence of natu mi gas at dmm less than 1000 feet bgs. It 1s also

less than 2 mile from Tribal Pavillion 42X-11 {20442) which produces gas from perforations in
the Wind River formation at depths as shallow as 1,263 feet bgs.

Qﬁ% spite EPA's assertion that well "MWO1 . is screened ata depth ... typical of decper
domestic wells in the area” (p. xiil and 29), it is 1n fact screened dc eper than all, or almost all, of
the dummm wells in rhs;: Pavillion area (Wyoming State Engineer's Office (WSEQ), 2012}
EPA’s reported depth of 800 fect for domestic well PGDW25 uwﬂd not be mmmndum
contirmed from the WSEQO database, nor is it consistent with the QAPP (GWERD, 201 hwm
of which cite a maximum reported depth of 750 feet,

Bascd on this information, FPA wells MWOT and MW02 were drilled to unusual depths
for water supply purposes in the Pavillion area and mayv be screened within shallow non-
cconomic natural gas-bearing sandstone lenses.  EPA may have evaluated some of this
information prior to well installation and completion of the Draft Report, however, they provide
no substantive evaluation of interplay between regional petroleum geology, local hydrogeology
and the monitoring well installation,

2.3 Coustructiou, Development and Sampling of Wells MWOI and MWG62

The Draft Report discusses the construction, development, and samipling of MWO1 and
MW02. EPA also notes precautions taken to protect the wells from sh allow contamination and
attempts to show that the additives used in the drilling and development process would not cause
impacts that could be confused with hydraulic fracturing (pages 5-8). ‘ha: report, however, does
not describe some important complications that occurred in the ficld with the well construction,
development, and sampling process.

Both monitoring wells were constructed in 9 7/8-inch-diamcter borcholes using 4-inch-
diameter wire-wrapped stainless steel screen and low carbon steel casing.  The well screens

6
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included & %2-inch-diameter, pre-packed filter sand assemblies with sand baskets welded directly
to the top of them.

Bascd on the information provided by EPA ° it is clear the samples collected in April
2011 do not unambiguously characterize the water quality for either MWOI or MWOZ.
Complications  with well construction, development, and sampling Dbkely had significant
consequences on the reported chemistry ofthe water quality samples from the wells.  For an
effective case to be made for any hyd: mrmﬁw ic scenario, additional pumping (i.e.. development)
and sampling of the monitoring wells is first necessary.

2.3.1 Poor Isolation of Cement Grout from the Well Screens
Cement-based grouts are known to have a hugh pH that may nnpact water quality in contact with
them. Cmswumﬂy wells are generally built insuch a way that grouts are isolated from the
screen interval. Emhwc to do so could cause a number of sampling issues including high
irbidity and high pH in samples.

&

o MWO! was drilled to a total dwm (TD) ot 985 fect bgs and then backfilled with cement
grout to a depth of 797 feet bus.”  The hole was left open for the 12 feet between the top
of cement and the bottom of the well screen. Mud and cuttings were circulated out of the
hole prior the emplacement of the well screen, ﬂm\ ing the space between the top of
cement and bottom of'the screen largely devoid of solids (Shaw tield notes for August 5
2010). This construction may have allowed drilling mud and additives and the curing
cement bencath the well screen to affect the quality of the water during sampling
{especially for the Phase 11 sampling event).

e In MWOL, coment grout was cmplaced through a tremic pipe direetly onto the sand
basket welded to the top of the well screen because the dmﬂlm‘ indicated it would not be
advisable to trv to emplace sand prior to grouting the well (Shaw field notes for August 3,
2010).  In addition to the coment grout hmzé in direct contact with the water in the

screened interval of'the well, it 1s likely that some grout escaped or was washed around
the sand basket mnto the annular space between thfw well screen and the borehole.

o In MWO2, even though Draft Report Figure 6b indicates that the borchole is filled with
cuttings that have settled on the bottom ot'the hole from 997 to 980 feet bgs, when the
screen and casing were installed, mud and cuttings were first circulated out of the
borchole while the bit was reportedly on the bottom of the hole (Shaw ficld notes for June
27, 2010). While 1t 1s possible that some drill cuttings might have settled in the borehole
below the screen, no measurements are reported that confirm the depth to the top of
cuttings. It islikely that an unknown quantity of cement grout, drilling mud and other
additives are present n the annulus beneath the screen and could potentially tmpact water
quality n the well.

o In MWO2, the first attempt to emplace sand on the sand basket welded to the top of the
screen was unsuccessful.  On June 27, 2010, 15 hwum after mobilizing to the site for the

v

? Primarity from the Shaw Environmental field notes and Boart Longyear driller’s notes provided on the
EPA Pavillion Draft Repor 1 su %};» emental data webpage.
he backfill depth was not 785 feet bgs as indicated on Figure 6a of the Draft Report.

—J
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day, the driller added 100 Ibs. of sand followed by 30 gallons of cement grout to a 2-inch
tremie pipe placed directly on the sand basket (Shaw tield notes). The drillers spent the
following two days trying to unstick the tremie pipe (at 900 fect where it had been lefl on
Junc 27), repairing broken cquipment, and u Mfmt‘ciy replacing the clogged tremie pipe
(Shaw field notes, June 29, 2010).

On Junc 30, 2010, 1n a sccond attempt to place sand above the sand basket in MWO02, the
tremie pipe was advanced to 958 feet bgs (4 feet above the sand basket; Shaw field
notes). This suggests that a significant quantity of cement from the first attempt to build
the well made 1ts way onto and around the sand basket. [t is possible that much of this
cement settled 1n the borehole below the well screen, and/or i the annular space between
the well screen and the borehole wall. This could have affected both the permcability of
the screened interval and the chemistry of the water sampled from the xm]l in both the
Phase 1T and Phase 1V sampling.

2.3.2 Grout Invasion and Well Development
Grout invasion 1nto the screen area can substantially alter the ability of'a well to collect water
from the mtended depth mterval. During sampling via Ilmwﬂww pumping (as was used in the
Pavillion deep wells), the ntent is to collect water that flows frorn the aquifer, through the screen
into the sampling device. If the screen is clogged with grout, water collected during sampling
may instead be derived from 1nside the borchole. resulting in samples that do not meaningfully
represent the aquiter.

e According to Shaw field notes, the development of MWO2 was initiated on July 14, :mm
with airlifting of drilling mud out of m well.  After airlifting, the well was left d
When 700 gallons of water mixed with Aqua-Clear were pumpad into the well tha:
following morning, the well filled entirely. indicating that little water had entered the
well overnight.  The following morming (July 16) m depth to fluid in the well was
measured at 17.6 feet indicating that approximately 11.5 gallons of water/fluid had been
lost trom the well. Several methods were used to try to dw elop the well over the next 10
days and in that time the screcned interval was opened sufficiently to allow the entry of
some high turbidity fluids and somc methane gas (‘3& haw field notes, July 17-26).

Development activitics were suspended on July 27 afier C]Immw two weeks of efforts
(Shaw ficld notes). Subsequent measurcments from MWO?2 indicated that the well was
making gas, but that groundwater recharge was very slow,

Final development efforts in MWO02 were conducted from September 9 to 11, 2010, by
pumping and injecting water and surging the well (Shaw field notes). The last pu ﬂpmg,
performed during this phase ot development was after 200 gallons of water were added to
the well after it had been pumped dry. Pumping was terminated when the water level
was 944 feet below the top of casing, meaning that 36 feet of imported water remained 1n
the well at the end of development,

4

o Ficld notes for July 21, 2010 provide another indication that drilling mud/additives and
grout contamination were ssues i MWO02. At that time, mechanical bailing had been
underway for a day. but the vmﬂ]l was still capable of pr mh ng very little water. Notes

for that day indicated “DTW = 927.7 ft. pH still high 1 ” (There are no earlier
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references to pH readings in Shaw’s field notes.) Two hours later turbidity is reported as
“..8999 NTU. Brown” The high pH and high turbidity water strongly su ggal the
nﬂlm nce of cement grout and drilling mud and other additives on the chemisiry ofthe
water.

2.3.3 Phase lll and Phase IV Deep Monitoring Well Sampling

There are several problematic mmmw regarding the sample collection, especially as it
bears on the source mm wmu samp ied.® Our calculations suggoest that a significant mm of the
watrer sampled in Phases [l and IV was derived not from the aquiter, but from water introduced
into Ihw well during devel mpmcm and 15 therefore not representative m’lhc formation.

e The GWERD QAPP (p. 13) specifies that low-flow sampling be used to sample the deep
monitoring wells, and that water level measurements be collected at minimum of every
ten minutes during purging to ensure an appropriate, stabilized drawdown. There s no
documentation provided to indicate that these guidelines were followed for the Phase 111
sampling. During the Phase 1V mmph'a"ig of MWO1, drawdown during purging of well
MWO1 was more than 100 feet, vet the field crew md not respond for thirty minutes. at
which point the water level rebounded by approximately 60 feet (img 11-12).

e For MWO2. both the Dratt Report and the Technical System Audit Report (Neptune and
Company, 2010} indicate that the water levels 1n MW-02 could not be monttored during
sampling, and the available field notes do not indicate pre- and post-sampling water
levels. The mability to measure water levels during purging is inconsistent with the
QAPP (also sce USEPA Region | Procedures for Low-Stress Sampling (EPA Region 1,
2010)), and indicates that there is no method by which the success of the low-flow
purging could be determined. Failure to properly follow the purge procedures can result
in samples that include a significant fraction of casing storage rather than formation
water.

o Further, as it relates to low-flow samphng, it 1s unclear why the ntake levels of the
pumps used to purge and sample wells MWOL and MWO02 were not pﬂawd within the
screened intervals of the wells, as s specified in low-flow sampling guidance documents

{e.g. Puls and Barcelona, 1996; EPA, 1998; ASTM, 2002).

o Calculations of water volumes removed from wells MWOL and MWO02 suggest a
significant contribution of borehole storage. Based upon the likely static water levels 1n
these wells prior to the start of Phase 11 sampling. there were approximately 1,390 liters
of water inthe casing above the screen in MWOL and 1,720 liters above EEQ screen in
MW02.” Water levels, pump depths, and specific pump rates were not provided for the
Phase NI sampling. However, given the modest purge volumes relative to casing

|

There are limited ficld notes available for Phase W1 and Phase TV groundwater sampling and the
information provided m the Drafl Report s not sufficient to verify reliabili ix Ui the m d procedures. Phase UF field
purging logs (low-cell fogs) were provided by USEPA on January S‘I . but these constitute an incomplete
ccord of field sampling activities. Further, the October 2011 log fo H WV\ ”ﬁ‘ indicates that the record is

i

"continued on [the] back” of the page; however, that page was not mm% e EPA documents released on January

* Static water levels in MWOT and MWO02 in April 2011 prior to the Phase IV pur ging were 200 and 264
feet balow the top of casing. respectively. We have assumed ma% static levels were similar in U ‘tober 2010 to thewr
levels prior to the Phase TV Sampling

9
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volumes and the likelihood that pump rates were high enough to draw down the water
levels, 1t 1s probable that the Phase 1T samples contaim water from casing storage.

0 For MW02 ['?’“nrls; would mean that sampled water was derived from casing storage,
and was also, n part, water that had been introduced inte the well during the tinal
development on September 11, 2010, The water sampled probably reflects both
an imported source and contact with cement grout and drilling mud and other
additives ;"n‘émdmw into the well during construction and development

For MWO1, the high pHand clevated potassium concentration in the Phase Il

samples and the dﬁmmce from Phase IV sampling, suggest that a similar casc

el v

may be hypothesized for the first sample from that well.

o

e The Draft Report indicates that during the Phase IV sampling approximately 1.117 liters
of water was zu‘%d from well MWOI. Since the total borchole volume 1n that well 1s
greater (~1,390 liters), and because substantial drawdown during purging 1s documented,
there may have been measurcable mﬂumm by wellbore water that likely had been

exposed to curing cement grout and other additives.

o tis also likely that asignificant amount of the Phasc IV water sampled from MWO02
came from casing storage. Because the well exhibits a poor specific capacity, at a flow
rate of nearly 19 T/min (137) aﬂ Report, p. 12), significant drawdown would have occurred
in the well mmugimmz purging. Only 1,287 liters were purged prior to sampling, while

the casing held 1,720 llmm of water.  Conscquently, there \,wuw still have been
considerable water from casing storage in the well when sampling was initiated.

o There was higher than anticipated turbidity identified in water collected from MWOZ that
has not been adequately explained and that probably affected water quality in that well.
As discussed elsewhere, drilling mud/additives and cuttings amd cement grout likely are
trapped in the well screen and the annulus around zm outside of the screcn. It is pxzmimw
that the high turbidity and the detections of certain compounds in this well may be
attributed to the presence of'these materials i the well. To the extent cuttings may have
contributed to the mgfrm turbidity in MWO02, the cuttings may also be biasing high the
concentrations of organic compounds due to adsorption to particulate maiter.

e Anadditional indicator that the wells may not be providing solely formation water can be
chserved in the changes in 8 *(;} and §°H of water in both MWOI md MWO02. Scrutiny of
Draft Report Figure 16 and Table A3c shows that there isan error inthe Figure. As
shown in Figure 8 (this Report), when the m}”f‘“ac”t Phase 11l §"0 and 8°H results for
MWOI and MWO2 are plotted, changes in the 1sotopic composition of the water between
sarple events for each well are clear. The d egree and directionality of the changes
suggests that source water in the wells varied between the sampling rounds.  Because
there are only two samples from cach well to date, the continuing cffect of this
contamination cannot be determined.
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2.4 Ewvalvation of Geochemical Results

2.4.1 Methane and Other Light Hydrocarbons

Methane and (C2-Cé-+alkane hydrocarbons  (ethane, propane, butanes, n-pentanc,
hexanc+) were detected in several domestic wells as well as in EPA’s deep monitoring wells and
EPA's samples from the shallow VRP mounitoring wells (Fi ngu 2). For all wells except the deep
monitoring wells, the methane concentrations were less than | ppm (1,000 ppb) in water. These
concentrations are well below both the solubidity of methane m water (approximatcly 28 ppm).

As indicated inthe Draft E"#’;c[‘,ww‘ﬁ; Figure 18, for the samples where sufficient methane
was present 1o measure BC and D isoto pes, the isotopic signatures suggest a thermogenic
source for the gas, with it having undergone varying amounts of oxidative degradation,
depending on the location of the mrz"xp]la: ® Gas samples from MWO! and MWO02, and the
comparison of ’Cto C1/C2+C3) for the two wells indicate the gas is similar to what might be
expected from Wind River or Fort Union gas wells in the area. The gases from domestic well
PGDW20 show a moderate amount of oxidation, while the gases from PGDW30 and PGDW32
are less depleted in heavier carbon and hym‘wg,m isotopes and more depleted in C2 and C3
hydrocarbons, indicating greater migration/degradation or a different gas source (see Appendix
C).

2.4.2 Analysis of DRO and GRO

EPA's reporting of DRO and GRO results is problematic.  GRO and DRO are mwulti-pcak
response mixtures containing hundreds of compounds, and the data reported do not provide
sufficient information to interpret the data. There arc a number of distinct issues associated with
the DRO and GRO results. At the very least, EPA should m“f’wm a s"mmpﬂam data validation on
these results and provide appropriate data qualifiers to assist i interpretation.  The key issues are
as follows:

o Chromatograms for DRO and GRO results indicate that tew of the samples show a good
match  with (zRW and DRO standards, making the quantification of these results
questionable;

o (Characteristic water-soluble compounds of gasoline and diesel (BTEX) are generally not
present in the samples with GRO and DRO detections:

o BTEX compounds and DRO ocour wi ithin a nurber of sample blanks at levels that would
cause the results to be flagged as "non-detect”™ with appropriate data validation; and

Table 14 of the Phase [I repert provides several 'Cand D isotope resulis: the results, however, are
quite different for the two domestic wells vmw results m“m“y and have results from 3,% wells that are not as
depleted in 'C as would be expected. [t is assumed that EPA has rejecied these results although there is no
indication that this is the case.

For comparative purposes it wounld have been valuable to have tsotope data n the mhm monitoring
wells, The failure 10 conduct these analyses is somewhal puzzling given that EPA’s investigation in the Pavillion
area originatly was focused onthe possible connection between swrface contamination sources and the domestic
wells,

" EPA has not provided sufficiem information to determine how quantification was achieved, and 10
determine the physical meaning of these results.
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e Itis not clear ifthe GRO analyses were completed using acid-preserved or unpreserved
samples. Nor 151t clear 1f the sa m&ﬂm used for DRO analyses were subjected to silica gel
column cleanup to remove potential biogenic nt mf\,mmm that may be present.  [f this
cleanup 15 not completed, analyses of DRO often exhibit a high bias or are false positives.

EPA does state on page 36 that "detection of gasoline range organics does not infer the
usc of gasoline for hydraulic fracturing." But, this limited statement misscs the greater point that
EPA has not identified what the organic chromatogram peaks in the DRO and GRO ranges
actually represent.  EPA has not climinated the possibility that these are n aturaHv occurring
organic mmmmn&a Consequently, the use of the phrascs ”’diew'ﬂwmw organics” and "gasoline-
range organics” throughout the report 1s misleading, as it implies the presence of manufactured
petroleum hydrocarbons, when that has not been demonstrate vj, EPA should provide all data
required to recalculate the results reported. Advanced chemical fingerprinting (ACF) analytical
methods should be considered to verity the absence and/or presence of petroleum  hydrocarbon
compounds

2.4.3 Gasoline Range Organics (GRO)

During Phases [ and 11, GRO was primanly detected n groundwater samples associated
with the shallow monitoring wells at pits; concentrations in these wells ranged from hundreds to
thousands of'ug/l.. GRO was detected in only three domestic wells (PGDWOS, PGDW30, and
PGDW32), at concentrations lower than 50 ug/L.

For all domestic wells, evaluation of vhm atograms  indicates a poor match to standard,
and therefore a potentially  erroneous quantifice In addition, GRO constituent compounds
that should be detected 1n the voelatile organic comy mumd (VOC) analyses arc widely not present
in the domestic well samples. 1 GRO were present, then benzenc, toluenc, ethylbenzene and
xylenes (BTEX) and other related petroleum hydrocarbon VOCs would be reported as detected
in VOC analyses completed using gas chromatography/mass  spectrometry (GG ’M%) ¢
Consequently, the physical significance of the GRO results and their quantification are suspect in
these dor nwku‘,/ well samples.

In Phase [, TPH as gasoline was reported as detected in Sample MWOT at 389 ug/l.. If

GRO compounds were present, then BTEX and other gasoline-related components should have
been detected in the VOC analys ? y GC/MS. Only toluene, however, was detected (as a false
positive) at a low concent ation. Iih ew of the corresponding VOC data shows that toluene was

reported as detected in the field-. u‘mv? and equipment rinsate-blanks associated with this sample.
Following data validation protocols. all toluene results at a concentration of €2.7 ug/L should be
restated as undetected (U),  Taking this into account, BTEX and other VOCs cannot be
considered as detected in MWO1T during Phase [1l, and the presence of GRO (as gasoline) 1s
unlikely.

In Phase 1V, TPH as gasoline was reported as detected in Sample MWO! at 592 ug/L.
Review of the corresponding VOC data shows toluene and m, p-xvlenes. Iu the two field blanks,
however, m, p-xylenc was also detected at 0.690 ug/L and ﬁi?“”?{){) ug/L. After taking into account

" The relatively tow reporied concentrations of GRO could complicate such detections in some samples.
) P
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contribution of VOC due to blank contamination, only toluene would be considered as present in
MWOT during Phase 1V and there 1s no indication that GRO (as gasoline) is present.

The reported detection of TPH as gasoline in MWO02 during the Phase IT and IV
investigations appears to be representative of'a gasoline-range hydrocarbon compound and the
chromatographic result is supported by the VOC by GC/MS results. A thorough review should
be completed for all of the qualitative and quantitative data used by the la hm‘zm:«w for the TPH as
gasoline analysis.

2.4.4 Diesel Range Organics (DRO)

As with the GRO, the highest concentrations reported for DRO results were 1 the
shallow ptt monitoring wells (up to 62,100 uwg/Ly. Lower concentrations (mostly less than 100
ug/L) were reported for 18 domestic well samples and one municipal well sample.” Intermediate
concentrations were reported for the deep monitoring wells MWOT and MWO02.

The quantification of DRO 15 suspect inmost samples based on review of the sample
chromatograms. There is a poor maich to the diesel #2 standard used, and early eluting peaks
not indicative of a diesel fuel product were primartly used for both qualitative and quantitative
purposcs. ©  There is also a lack of agreement to other supporting data (c.g., analyscs for
semivolatile organic compounds (SVOCs) using GC/MS). The results also likely exhibit a high
bias due to inclusion of non-petroleum related compounds (such as unidentified chromatographic
peaks and plant waxcs of likely terrigenous origin. Because of the poor match to standard, and
insufficient supporting iﬁm to understand how these results were qwmmm.‘ these DRO results
provide only qualitative information. [t 1s hkely that many of the low detections of DRO
reported for the dmmm ic wells in the Phasc I investigation represent false posttive values

While a tuel product may be present nthe Phase 11 samples, DRO was also reported as
detected n the associated ficld blank at 26.5 ug/L. Thercfore if these data were validated
following guidance specified USEPA functional guidelines (.S, EPA 2008), the results reported
for PGMWOI, PGMWO02Z, and PGMWO3 would be restated as undetected (U) because the

ncentrations prior to adjustment of the dilution factors were €5 times the concentration found
in the ficld blank.

DRO was reported as detected in MWOL at 634 ug/L during the Phase 11 investigation
and at 924 wvg/l. during the Phase IV mvestigation. For MWO02 1n the Has;c' ITI investigation,
DRO was reported as detected at 1,440 ug/L and in the Phase IV investigation at 4,050 ug/L (and
4.200 ug/L 0 the duplicate sample). The DRO (as a petroleum product) detections are suspect in
these samples because there 1sa poor match with the dicsel #2 standard and there were many
early eluting peaks that are not mdicative ot a diesel-range fuel product that were used for both

" Reported DRO results exceeded 100 ug/l for four of the domestic well samples. [n all of these wells, DRO
concentrations were, however, :;,bxi( nttally lower tnother samples, For example, concentrutions dropped by more
llian “‘v} % from Phase H to Phase 1V for E(lm\% 411479 10 132 ug E yand tm PGDW4Y (130 10591 ug/L). The
reported coneentra mm in PGDW22 varied from 27.1 ug/L in Phasg Lo 154 ug/l. in Phase [L

" The chromatogram for Samiple PGDW 30 hmm\m may be representative of mineral spirits, sioddard
vent, or other mmm type pmm%c m wﬁ*mm*}mn the tabes awm annotated this chromatogram with the phrase
early diesei? ", Residual range oil preduct cluting afler the DRO range may ;m:m ibly be present in some w nples
e.g., PGDWOU3). The chromatograms of other samples (e.g., the trap sample) are indicative of alkanes represeniative
yf plant waxes of likelv terrigenous origin,

SO

Q}
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qualitative and quantitative purposes. There were a few chromatographic peaks within the
applicable carbon range, but the fingerprint did not appear to be that of an unweathered or
weathered diescl fuel product

2.4.5 Analysis of Glycol

EPA's reporting of glycol detections in domestic wells 1s misleading.  On page 27 of the
Drafi Report, EPA states that the detection of gﬂvm]l in several samples analyzed using a
GC/FID technique (e.g. SW-846 Method) were likely reported as false positives. The Agency
further states the glycol detections could not "J’m confirmed using a liquid chromatography with
tandem mass spectroscopy analysis.'' It is well established that analysis by MS/MS is a
significantly more accurate analytical technique and subject to fewer interferences than a
GC/FID analytical method. As such, the confirmatory non-detected results should be used for
interpretative purposes and not the GC/FID results for the domestic wells.

In contrast, the glycol analyses for the decp monitoring wells conducted during Phase IV
(by HPLC/MS/MS) appear to be acceptable and these data arc of generally good quality. Thes
data tentatively indicate that glvcol target compounds are present in MWOT and MWO02 Hm’
analyses were, however, completed using a non-peer reviewed method on samples that may have
been compromised by cor ntact with cement duris 1g purging/sampling (sec Scetion 2.3).

It is important o note that glycols (ncluding dicthylene glycol) are components of
widely used cement grinding aids that contribute to the fluidity M“ crushed ccment powder
(Ervanne and Hakanen, 2007; Grace Construction Products, pers. comm., 2012; Maslow, 1974;
Strohman, 2002). "7 Experiments on glycol-containing admixiures m‘,ggw that such compounds
are mobile 1n aqueous solutions 1n contact with cement (Herterich ctal., 2003). Consequently,
the presence ot glycols inthe deep aquifer, rather than as an artifact of poor well construc tion
should be confirmed through addmmmﬂ sampling and analysis.

2.4.6 Other Qualified Data
EPA consistently uses qualified data in its interpretations, without addressing the
significance of this qualification. This includes the use of sample xmmm that should have been
reported as non-detect due to blank contamination. Ultumately, this is a failure to use f‘mmmpmm
data validation. For example, there were detections of several target compounds (2-butanone,
acctone, toluene) in blank water samples (mcthod blanks, trip blanks, ficld blanks, and
equipment rinsate banks), and 1f the data were subjected to an appropriate dcgww of data
validation, many results mmmﬁ as detected would be restated as undetected (U) because the
concentrations found in the samples were €5 times or €10 times the concentrations foun d in the
associated blanks. (In laboratory data validation, aratio of <5 is typically applied to uncommon
contaminants, whereas a ratio of £10 is used for common contaminants such as acetone for VOC
analyscs and phthalate compounds for SVOC analyses.) The affected results would then either

if Eeferenced as GO/MESMS m the report text
© Glveols are a w used o cement admixtures such as superpiasticizers,  The source of cement used to build
wells MWOT and MWOZ s not specified in EPA's field notes.

14

EPAPAV0093006



5.8, Papadopul os & Associates, lna.

be restated as undetected (U) ar the concentration found in the associated blank or at the
concentration reported in the samples. Specific examples are provided in Appendix B.

EPA also acknowledges that several of the analytical method standard operating
procedures {SOPs) that were used to complete chemical analyses were not official EPA methods,
nor were they subject to required pecer review (U.S. EPA, 2000a, 2002a). While the applicable
methods may be capable of generating acceptable d@m the use of non-EPA approved methods,
coupled with the lack of appropriate (and chm red) peer review, may possibly bias or invalidate
the affected data untl they are subjected to a *hmmgh revicw and are used by mm;lido analvtical
ﬁahmamwiw [fa laboratory uscs anonstandard or unapproved method, EPA requires the data
user to “provide method validation data to confirm that it will be adequate for the intended use of
the data” (U.S. EPA, 2002b). Information that should be reported with the data would include
“determination of detection limits, quanti tmwm limits, typical recoveries, and analytical precision
and bias” (1J.S. EPA, 2002b). The evaluation of such data will “indicate the laboratory’s ability
to demonstrate control of the method and document the quality of the data obtained” (U.S. EPA,
2002b)

EPA also conducted an incomplete and undocumented analysis of monitoring  well
drilling fluid additives, and then used the results to contend that the additives were not impacting
water qwlnty in MWOL and MWO02. For example, there are two unknown samples (i.c, PAV],
and PAV2) from the drilling additives study conducted after well completion (July 2011 see
SampleResults 8047 V‘w’ 586163 23993 07-21-11 mepwﬁm gw, )" These mmﬂw arc not
described 1n the report, but have high concentrations of some organic mnpm ds ("E"H%
alcohols, benzene, toluene) that EPA auributes to hydraulic fmu:umg fluids. In addition, EPA
only conducted sclected analyses on additive samples (Draft Report, Table 2). ﬂ mmmaﬁ
characterization of the dense soda ash, Quik Gel, and Quik-Trol Mﬂd were not completed
because “dissolved organic concentrations were low...” Nonetheless, analyses of the dense soda
ash, Quik Gel, and Quik-Trol Gold should have been completed for all target organic compounds
and all additives should have been 1 analyzed for SVOCs, GRO, and DRO,

2.5 EPA's Interpretation of MWOT and MWO02 Analvtical Data

While it 1s unlikely that the analytical results trom either MWOL or MWO02 provide
representative results of the formation water for the screened intervals of the wells, EPA’s
conclusions in the Draft Report require that they be addressed directly. This section addresses a
number of'1ssues with EPA's laboratory data and interpretation thereof, and provides additional
detail related to the sample results for MWOI and MWO02. Each ofthese conclusions is also
summarized in the final sections of this report. Table 2 presents a general summary (based upon
Table 3 in the Draft Report) of the analytical results and their occurrence.

2.5.1 Alkaline pH Values

EPA wrongly discounted the cffect of well construction materials on alkaline pH in
MWO1 and MWO02. Furthcrmore, its argument that measured pH greater than 1113 attributable
to potassium hydroxide (KOH) potentially used m hydraulic fracturing fluids is unconvincing.

Firgt, drilling mud, additives and cement grout likely present in WEW and MWO02 below
the top of the well screens contain materials with pH values greater than 11, This includes soda
ash (with a reported pHof 11.5) and cement (with a pH greater than 12), A:» discusscd above, it

5
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is lik *hf that these materials were present within a'nd adjzxc‘m‘nt to the filter pack and suspended
during ﬂpﬂ ng, and thus mm uted to the hig lity of groundwater collected from these
wells Q varticularly MWO02). The known coni nection between dril ling and grouting materials and
alkaline groundwater pH is discussed 1n EPA's own cited reference (Gibb etal, 1987) A more
recent case study illustrating the 1mpact of cement-grout on well water pH (to wﬂw‘ >12) can
be found in Mercer ot al. (2007).

Despite the known presence of alkaline materials trom well construction, EPA discounts
the possibility that cement and/or other drilling and well completon additives are the cause of
the high pH values obscrved in MWOL and MWO02. For example, they reference a qualified
statement in Gibb et al. (1987) that elevated pH caused by cement ison the order of [0-11. In
fact, the author of that article correctly states that pH ultimately depends on the grout used and
residuc present after development and purging.  EPA also wrongly concludes that because
wmrmmwmr is undersaturated with Portlandite cement, that cement cannot be the cause of the
high pH in MWO0T and MWO02. In reality, pH values 1n the presence of cement-type phases can
range from approximately @ﬁi to 12.8, depending on the amount of dissolution that occurs
(Berner, 1992). Undersaturation caused by incomplete dissolution and/or dilution, will produce
pH values below 12.8, within the range of MWOT and MW02.

Additional evidence that alkaline pH may not be caused by hydraulic fracturing fluids
ludes the following:

o apH of 11.23 in MWO1 was recorded n ficld logs during well development during a
time when drifling mud was being w"(smmd by the bailer (Shaw field notes, July 21,
2010);

e the pH in produced water from the formation where hydraulic fracturing fluids were
ammﬂﬂv injected 15 relauvely low (pH =5.90 t0 8.9) (WOGCC website produced water
sample results obtained at »Em;; fwogce.state.wy. us/warchoiceMenu.cfmee);  and

o there 1sa lack of evidence that KOH was actually used in hyvdraulic fracturing fluids in
the Pavillion Arca; and the stated use of KOH is to buffer pH to maintain the
cffectiveness of crosshinkers. It isnot used asa strong base to generate hyperalkalin
groundwater pH.

2.5.2 Potassium and Chloride Concentrations

EPA did not ‘%daqwam address alternative explanations for elevated potassium and
chloride concentrations in deep monitoring wells (particularly in MWO02).  These include
dissolution of cement ga‘mm and/or the presence of decper groundwater with tonic compositions
that differ from shallow groundwater found m the Wind River aquiter.

Potassium (like hwjzm de alkalinity) is likcly related to the dissolution of coment-type
phases.  As discussed in Berner (1992) and Steefel and Lichtner (1994), cement dissolves
incongruently, with K@% components  dissolving  first.  Evidence for cement impacting
groundwater q rality is the high turbidity and p Mi groundwater from MWOL and MWO02 (as
discussed above). Incomplete purgmg prior to sampling, as likely happened in the deep
monitoring wells, can also impact water quality ((iﬂhh etal., 1987).
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A plausible cxplanation for the observed chloride is that MWO2 is screened in or close to
the natural gas producing units where chloride 1s naturally elevated.  As fsﬁ’m\m in Figure o,
chloride concentrations in MWO2 are more similar to produced water in the Pavillion Arca than
the shallow groundwater. This result is consistent with chlonide generally being the dominant
anion in natural gas formations (Benko and Drewes. 2008} and with Wind River formation
produced water samples obtained on the WOGCC website (http://'wogce state wy.us).

Although EPA cites the reported uses ot KOH, porassium chloride. and potassium
metaborate  as cvidence of impacts of hydraulic f”'amm‘mu fluids, they do not provide
documentation that these constituents were specitically used at Pavi Hmn or adequately cxplain
how they would be present at the levels observed 1nthe deep monitoring wells. For example,
Figure 9 shows that there is no significant difference in boron concentrations between MWO1,
MWO02, and groundwater sampled in the Pavillion Arca prior to hydraulic fracturing. This result
is inconsistent with potassium concentrations being influenced by the potential use of potassium
metaborate.  Similarly, were KCI (also used 1n gas well development) the primary source of K
and CI scen in MWO! and MWO02, the ratios of these compounds would be different than
actually observed.

2.5.3 Petroleum Hydrocarbon Concentrations

The Draft Report concludes that constituents associated with hydraulic fracturing have
been released into the Wind River drinking water aquifer at depths above the current production
zone based on the presence of petroleum hydrocarbons 1 MWO!1 and MWO2. EPA specifically
contends that the following reported compounds are evidence of hydraulic fracturing fluids (pg“
1536

o (asoline-range organics in MWOL and MWO2 at 592 and 3,710 ug/L, respectively;

o Diesel-range organics in MWOT and MWO02 at 924 and 4.050 ug/L respectively:

o Bcenzeng, toluene, ethylbenzene, and xylenes (BTEX) in MWO2 at concentrations of 246,
617, 67, and 750 ug/L., respectively:

i

e Trimcthylbenzenes in MWO2 at 105 ug/L; and
o Naphthalene in MWO02 at 6 ug/L.

These conclusions arc based on analytical data of questionable quality duc to deep
monitoring well dolling and construction complications, field/laboratory contamination, and

misinterpreted chromatograms (see above). The decper ofthe two wells (MWO02) additionally
exhibits characteristics of produced water from petroleun reservoirs nthe Wind River basin.
Although petroleum hydrocarbons occur n produced water, EPA did not consider how ¢
natural occurrences may have affected the reported water composition,  Tables 9 and 10 in the
Phasc Il data report show the presence of all these compounds 1 Pavillion gas ficld produced
Warers.

2.5.4 Field/ Laboratory Contamination
'here was higher than anticipated turbidity identitied in water collected from MWO02 that
is not adequately explained in the Draft Report. This dw ted turbidity may be onc reason for the
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detection of higher concentrations of selected organic constituents than were found in other
wells. These higher detected concentrations may be representative of constituents not 1n an
aqueous phase, but partitioned to a solid phase (e.g., particulate matter). Evidence for the
influence of particulate matter on petroleum hydrocarbon i:“}*z“i‘npmu“‘n&@ is the detection of toluene
and xylenes during Toxic Characteristic Le scmm Procedure (TCLP) tests conducted on drilling
mud and cuttings from the monitoring well.

As discussed above, there were also detections of several target compounds 1n many of
the associated blank water samples (e.g., method blanks, trip blanks. field blanks, and cquipment
rinsate banks), and if the data were subjected to an appropriate degree of data validation, many
results reported as detected would be restated as undetected (U).

2.5.5 Baseline Conditions

The presence of gasoline range hydrocarbons in MWO1 and MWO2 is not sufficient
evidence to indicate the 1mpact of hydravlic fracturing fluids. EPA rightly concludes that
"detection of gasoline range organics does not infer the use of gasoline for hydraulic fracturing.”
Gasoline range hydrocarbons are expected to be naturally present in groundwater in the Pavillion
Arca, particularly at depths associated with oil and gas deposits.  For example, BTEX
compounds arc ubiquitous in produccd water, as evidenced by a review of produced water data
that included the Wind River Basin (Benko and Drewes, 2008).  Additdonally, (,‘f%w("l 0 *rzw‘w
hydrocarbon fingerprint analyses conducted for the Phase 11 investigation (URS, 2010, Table 17)
indicated the presence of BTEX compounds (but not mphihaﬂmu a common cor mpm ent of
hydraulic fracturimg fluids) i petroleum liquids from three gas wells in the vicinity of the deep
mm’nmrmw wells,  Two of those samples, P(}PP{M and PGPP06. were m‘kﬂﬂﬁ:ms}d from wells
where the most recent completion/recompletion activity is reported to have been prior to the year
2000 (Mmdz‘y Notices, WOGCC website). Finally, BTEX, naphthalene wmmzmd@ and other
hydrocarbons are also present in groundwater adjacent to pits (KC Harvey, 2010a, 2010b, and
2010c; URS, 2010).

In order to make a determination as to what petroleum hvdrocarbon concentrations might
indicate 1mpacts from hydraulic fracturing fluids. Jiz mnﬂd first be necessary to cvaluate
backsround.  As per FPA guidelines (EPA, 1992a), Expanded Site Investigation (ESI) data
collection for a ground water plume with no ndcmﬁmw le source must mclude background
sampling. To date, background data have net been presented or analyzed for the Wind River
formation horizons being monitored by MWOT and MW02,

2.56 Wmtmﬂic Ourgmnuic Compounds

EPA concludes that several synthetic organic compounds are cvidence of impacts of
hydraulic fracturing fluids i deep monitoring wells; however. this conclusion is based on data of
guestionable quality for the reasons outlined above. As such, the conclusion is premature until it
is shown that valid formation water samples have been collected from the wells, and until
thorough data verificatton and validation review 1s completed.

clls:

There are also several issues related to the purported 1 kszmm of isopropanol, tert-
butyl alcohol, and other alcohol compounds in MWOT and MWO02. These include the following:

I8
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e [PA acknowledges that scveral analytical method standard operating procedurcs (SOPs)
that were used to complete some chemical analyses were not otficial EPA methods nor
were they subject to required peer review (U.S. EPA,2000a, 2002a);

o Alcohol compounds were detected in drilling fluids in MWO1 and MWO02.  Although
EPA states that these concentrations are below those found 1n the monitoring wells, they
also report high concentrations of alcohols from samples PAVI and PAV2 in m dz lling
additive study (from July 2011). [t 1s unclear what these samples repres and
therefore, not possible to fully evaluate EPA's conclusions regarding %hcm _ganm
compounds in MWO1T and MWO02; and

oo

e Several organic compounds (acetone, toluene, and m & p xylene) were also reported
from TCLP analvsis of monitoring well cuttings (Draft Ru port, p. 7). To the extent
cuttings arc contributing to the observed turbidity in MWO1 and MWO02, they may also be
biasing high the concent trations of organic compounds adsorbed to them.

el

e  The confirmation of glycol detections in MWOL and MWO2 requires further purging and
sampling of these wells to conclusively determine that they were not impacted by cement
additives or other extrancois sourees.

2.5.7 Purported Breakdown Products of Organic Compounds

There are several issues related to EPA's conclusion th at breakdown products ot organic
compounds are evidence of hydraulic fracturing fluids. EPA is fac ‘tualiy correct that “natural
breakdown products of organic contaminants like BTEX and g ya‘:tixﬂ; nclude acctate and benzoic
acid." (p. 23). The cited compounds (benzoic acid, acetate, formate. lactate, and propionate),
however, are mmmﬂﬂ;mm:wn‘im substances related to the breakdown of both petroleum
hydrocarbons and natural organic matter (Cozzarclli et al., 1994; Jakobscen and Cold, 2007). As
such, they may beu hnq us in groundwater from gas-charged sandstones in the ‘ani River
formation. EPA does not ddmuamﬁy address this natural source.

~?‘1P’A, also stat & thar the breakdown products of BTEX and glycols (acetate and benzoic
acid) are “more enriched” in the shallower of the two th@ monitoring wells, suggesting and
upwmi/%mém% mi @rmt ion with natural degradation and accumulation of daughter products™ (p.
23). There are several fundamental problems with this ngm‘x Whereas 1t 1s again factually
correct that under specific circumstances, the presence of acetate and benzoic may be due to the
breakdown of BTEX and glycols, there isno mndmc@ p'ﬁmwm@ substantiating this brecakdown
pathway. Considering the need for confirmation of'the glycol analytical methods. the inference
that these results are breakdown products of glycols must be considered speculative at this point.
Finally, EPA's provides no justification for asscrting that concentration gradicnts can be
discerned from wells MWOT and MW02, which are located nearly 7,400 fect apart.

P Formiate and acetaie ha

ve also been cited as mobile components of cement additive sin contact with
aqueons solutions (Herterich ef ¢b., 2003)

€
i
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2.6 Number of Samples from Deep Wells

The collection of monitoring well samples and one ficld duplicate from two monitoring
wells (1., MWOL and MWO02) during only two sampling events is not sufficient to st ‘g’“epﬁﬁ'
EPA’s conclusions . The lack of background or bascline data to compare to the current data sets
also prevents meaningful conclusions from being drawn.

EPA’s sampling is also inconsistent with 1ts own guidance on sample number and
representativencss.  For example, according to EPA (2000b), the data quality objectives that
should be considered in ESI studies include obtaining statistical sigmificance of measured
concentrations. 1t the stated goal 15 detection monitoring (e.g. EPA's RCRA Guidance, 2009),
EPA notes that statisticians gencerally consider sample sizes wf n <=4 to be insufficient for good
stattstical analysis. EPA's reliance on two samples cach from two wﬂ"pﬂmw events 1s therefore
insufficient. Also, according to EPA (1992a and 1992b), ESI data collection for a ground water
plume with no identifiable  source must include background sampling (with background being
defined as water collected from the same aquifer amd depth, where interconnected aquifers are
not considered one aquifer). The analyses used by EPA 1nthe Draft Report compare the deep
monitoring wells with data from shallower domestic ng% rather than data from gd.mamdmmg
horizons. It 1s net clear 1f this 1s the appropriate comparison for background purposcs.

&<

We note that in a similar, recent @umy EPA apparently adopted more rigorous standards
for its Hydraulic Fracturing Case Study in Bradford-Susquchanna Counties, Pennsylvania (U.S.
EPA. 2011h).

2.7 Cement Bond Log Interpretations

In the Draft Report, EPA discusses the potential effects of uncemented wellbore intervals
below surface casing and poor cement bonding as conduits for the nigration of natural gas or
hydraulic fracturing fluids. Pathways below approximately 400 to 600 feet may oxm that allow
enhanced hydraulic connections in the Wind River formation. This could include vertical
migration along wellbores or horizontal migration within fractured sandstone nmcwaﬂs between
gas wells (Cramer, 2011), There 1s good cvidence for limitations n these sandstone pathways.
The gmﬂmgy of the Wind River formation is characterized by isolated sand lenses (McGreevy, et
al.. 1969). In addition, WOGCC's 40-and 20- acre spacing orders for the Pavillion field
(WOGCC Causc No. 1 Order No 1, Dockets 454-2000, October 11, 2000, and 276-2002, August
13, 2002) testify to the limited extent and interconnection of these lenses.

Anccdotal reports do exist, however, to suggest that such migration 1s possible.  For
example, there are reports that in E"Tﬁmmaﬂ%cr 2005 during the development of a water sup p]ly well
located 2 mile east of MWOL, a blowout occurred at a depth ot 540 feet causing a md iIction 1n
gas production of an adjacent gas well (Lustgarden, 2011; GWERD QAPP. 2011). EPA has not,
hwwm er, documented evidence to support impacts duc to local connections between oil and gas
activity and the Wind River Formation. EPA's discussion inthe Dratt Report (pages 27-30) 1s
insufficicnt to demonstrate enhanced migration of natural gas and hydraulic fracturing fluids into
the Wind River Formation aquiter. Additional testing, such as Bradenhcad pressure tests, would
be appropriate steps to assist in evaluating this potential migration pathway.

20
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2.8 EPA's Conceptual Model for Contaminant Transport

EPA's Pavillion investigation and Draft Report have both been hampered by lack ofa
coherent model for contaminant fate and transport. The study area for this project encompasses
nearly 40 square miles and mcludes both shallow and deep potential sources. The migration
pathways for these contaminants are not identical, nor nccessarily consistent across the entire
study area.  Yet, EPA has attempted to interpret the data with little specific reference to
hydrogeology, locations of specific vertical migration pm%nways&w or attempts to pair sources and
receptors. A conceptual model (focused primarily on soil gas) is cited in GWERD Q/‘NP (2011)
but it 15 not carried over to the Draft Report. This QAPP (Revision 5) was apparently assembled
in stages, with some parts (c.g. well construction diagrams) inserted into the document after a
particular activity had alrcady been completed. Revision 5 of the QAPP 1s dated June 2011, after
completion of Phases 11l and V. Earlier versions are not available for public review.

Also problematic is EPA's repeated assertion that meaningful concentration gradients can
be discerned from concentrations in wells MWOL and MWO02. These wells are located ncarly
7.400 feet apart. The sc ’c«;‘:md intervals of these two wells are approximately 200 feet apart.
Consequently, the wells arc 37 times further apart horizontally than they are vertically. There
are several gas wells located hc*zwcm MWOT and MWO02, and atleast 4 domestic wells. Pits
sampled 1 this study are |lwzmd upgradient to sidegradient of both MWO! and E&rﬁW”

Considering all these comp Mxm , the large study area, the questionable wisdom of deriving
trends from two data points md tha likely nmnm*s“mmmm«v eness of the deep monitoring well
samples, 1t 1s unwarrante d yassume that concentration ditference between these two wells can
be Mmbw mi merely to differences in depth.

‘PA states that "hydraulic gradients are currently unde med in the area of mvestigation.”

This i&anm strictly correct. Historic potentiometric maps do exist (e.g. Whitcomb and Lowry,
1968), and static water level data provided in USGS reports, the N WIS database, and the WSEO
online database of permit information, can be used fo constrain regional hvdrogeology.
Furthermore, site investigation reports for the VRP sites used by EPA in their study provide local
depictions of groundwater gradients. If EPA believed these sources were inadequate, this should
have been discussed and/or rectified with appropriate field measurements. Instead, the 1ssue was
not addressed.

Fmally, EPA states in the Draft Report that "there are flowing conditions in a nut mber of
deep stock wells suggesting that upward gradients exist inthe area of investigation.” This may
be truc locally, but areview of'the data sources cited above indicates that historic stabic water
levels decreased with well depth, ndicative of downward gradients. It seems appropriate than an
investigation purporting to documient migration of contaminants, EPA should have first
cvaluated wlmhg downward or upward gradient cxisted in the immediate vicinity of the
monitoring wells.
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SW‘WW 3

's Conclusions in the Draft Report

EPA's conclusions are presented i Section 4.0 of the Draft ﬁ&apmﬁ There arc cssentially
three conclusions, with the final Izwﬂ requiting "multiple lines of reasoning approach common to
complex scientific investigations" (page 33). Our review indicates that the last two conclusions
cannot be supported by the data provided The technical details associated with each "line of
reasoning” are presented above, but we reiterate them here to illustrate 1ssues with EPA's
conclusions.

3.1 Conclusion 1: "...pits are a source of shallow groundwater contamination in the area
of investigation ..." (p. 33)

The data provided by EPA, WOGCC, and WDEQ support this conclusion, and the need
for further investigation. These investigations arc continuing, under the oversight of the WDEQ
VRP.

Nonetheless, it 1s important to note that none of the domestic wells tested in EPA’s
investigation show a clear impact from the pits.  In fact, after completing the Phase Tand I
sampling of' domestic wells, EPA was still unable to identify whether taste and odor problems in
certain domestic wells were tied to any specific contaminants {raceable to hydraulic fracturing or
other hydrocarbon drilling- and production-related activitics.

We do not disagree with this conclusion, but SSP&A believes that a more coberent study
would have focused on (and clearly identificd) a narrower study arca where domestic well
impacts were documented, and in which specific potential sources were identified and climinated
or confirmed in a systematic manner. Were such a study undertaken, EPA might not have failed
to mcet its original objectives.

3.2 Conclusion 2: "...constituents associated with hydraulic fracturing have been released
into the Wind River drinking water aquifer at depths above the current production
zone."(p. 33)

EPA provides scven "lines of cvidence” to support this conclusion. Each is addressed
scparately below.

1. High pH Values

EPA concludes that high pH valies in wells MWOI and MWO02 are evidence of
potassium hydroxide usc during hydraulic fracturing operations, and dismisscs the possibility
that such pH values reflect the impact of well construction materials. In fact, mud and grout in
M\\/(H and; MWO02 contained mawrmﬂ@ including soda ash (reported pHof 11.5) and cement (pH

>12). It 1s likely that these mmc;’al“ Were m‘&;ﬁmdcd during sampling, contributed to the high
mmm\r mf groundwater and impacted the pH
Ly
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2. Flevated Potassivm and Chloride

EPA cites the elevated levels of chlotide and potassium, relative to shallow groundwater

as evidence for the impact of hydraulic fracturing fluids. Potassium 1n wcﬂﬂs MWO1 and MWO02

s likely related to the dissolution ot cement-type phases that dissolve mcongruently, with KOH
wmpwmm dissolving first,

The eleveted chloride in MWO02 is most simply explained by the well’s position close to
the natural gas producing units n which chlorvide tends to be the dominant anion in natural gas
formations.

3. Detection of Synthetic Organic Compounds

EPA cites detections of1sopropanol, tert-butyl alcohol, diethylene glycol and triethylene
glycol as evidence for potential contamination with surfactants, breakers, foaming agents, and
solvents.

Detection  of  glyeols i domestic  well  samples  analyzed using a  gas
chromatography/flame  ionization (GC/FID) technique, could not be confirmed with more
accurare techniques, and therefore. should have been reported as non-detect for interpretive
purposes. Detection of glycols m deep monitoring wells appears reliable, but m‘;m res additional
confirmation duc to the untested nature of the amﬂyt cal methods and the potential impact of
contact with cement phases (including glycol-bearing additives).

For the purported identification of isopropanol, tert-butyl alcohol, and other alcohol
compounds, EPA failed to identity the nature/source of samples from the drilling additive study
{(July, 201 H in which similar compounds were detected, and which could have contaminated the
wells. Finally, scveral organic compounds were reported in TCLP analysis of monitoring  well
cuttings which may have contributed to the concentrations of organic compounds reported.

4. Detection of Petroleum Hydrocarbons

EPA reports detections of BTEX, trimethylbenzencs, GRO and DRO as evidence for the
impact of hydraulic fracturing fluids, yet also dismisses the possibility t Mt liquid condensates m
the Wind River and Fort Union formations could yield these aromatic and straig m cha
hydrocarbons. EPA's own data are inconsistent with this analysis, h:’)wcvw‘tx Data in the Phasc IE
data report shows the presence of all these compounds in Pavillion gas field pmduwd waters.
Consequently, 1tis premature to eliminate anatural origin for these compounds on the basis of
two samples from each monitoring well.

Breakdown Products of Organic Compounds

Purported breakdown products of hyd"zmﬁc fracturing fluids (benzoic acid, acctate,
formate, lactate, and propionate) are also naturally-occurring substances related to the
breakdown of both petrolcum hydrecarbons and ndtumﬁ organic matter, Thewr presence does not
necessarily indicate that the parent compounds arc hydraulic fma;:fzu ring fluids.

Sporadic Bonding outside Production Casing Directly above Intervals of
Hydraunlic Fracturing

Under certain conditions, the migration of hydraulic fracturing or oil ficld fluids through
uncemented production casing or poorly cemented wellbores is a plausible migration
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mechanism.  FPA has not provided sufficient evidence to show that this has occurred and

resulted in 1mpacts to water supply wc:Hu; in the Pavillion area, however. Furthermore, to date,

there 1s no reliable cvidence ﬂ at such impacts have occurred to cither MWOL or MWO02, The

bonding log examples provided by B: PAin the Draft Report are not sufficient to tie specific

sources, migration pathways and receptors into a coherent model of groundwater contamination
Hydraulic Fracturing into Thin Discontinuous Sandstone Units

"y

This "line of rcasoning” addresses the lack of a rcgional geologic barricr to aqueous
migration and the possibility of wellbore flow in Pavillion gas wells. EPA's reasoning 1s difficult
to follow. however. For example, 'f there is “no lithologic barrier.. .to stop upward vertical
migration of aqueous constituents..” [page 37], why must borchole hm be invoked elsewhere
in the report as a t‘ampmz mechanism? In the same paragraph, EPA cites "tortuous paths”
within sand lenses as migration pathways. Yet these same tortuous paths would serve not just
anthropogenic fluids but dh@ natural liquids and gascs 1ncluding methane. As noted by Johnson
and Rice (1993), vertical gas migration is belicved to be anatural feature ofthe Wind River
Basin

3.3 Conclusion 3: "...data suggest that enhanced migration of gas has occurred to ground
water at depths used for domestic water supply and to domestic wells." (p. 37)

EPA provides five lines of reasoning to 0 support their mmaﬂ usion that enhanced migratios
of gas, presumably due to gas m‘nﬂﬂmg and production activities, has occwrred and impacted *%
domestic water supply wells in the Pavillion area.  Unfortun cmftqu EPA has not attempted to
define ecither bascline or background concentrations of methane that pre-dated hydraulic
fracturing activities. Thus the notion that EPA can address "enhanced” migration of gas is not
wpp@md by any data.

To accept the EPA’s conclusion, each ofthese lines of reasoning has alternate hvpotheses
that must first be rejected, at least 1n part.  Specifically EPA must evaluate the following
alternative hypotheses for which cvidence has alrcady been discussed:

e The formations screened in the deep mouwitoring wells are naturally gas charged;

e The methane detected in the domestic wells inthe Pavillion area is naturally occurring
due to the location of the wells over the structural apex of a formation that produces
natural gas at relatively shallow depths;

e The highest methane concentrations at domestic well depths (e.g. PGDW30) result from
localized activities unrelated to hydraulic fracturing. For exan mﬂ@ migration of methane
along uncemented casings may constitutc  an mhmpu FeNic mhmmm‘wm of gas
migration, but would not nawwmﬂy indicate impacts duc to hydraulic fracturing; and

e There are no differences 1nthe water qu dhw in the domestic wells in the Pavillion area
that have occurred since the onsct of significant natural gas production activitics
beginning m approximately 2000.

To date, EPA has not demoustrated that any of the above conditions can be rejected.
Until a stanistically significant mumber of representative samples have Wk"’cam collected from
MWOI and MWO02, no conclusions regarding water quality and the nature of the methane in
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those wells can be made with any certainty. The inability to evaluate the deep monitoring wells
aftects the ability to make conclusions about the nature and source of methane in the water

supply wells, especially as relates to drawing mferences on the nature and timing of potential

methane invasion via wellbores or other pathways.

Correlation is not causation, and EPA has not provided a sufficient argument to show that
the dissolved methane in any of the domcestic wells is a response to hydraulic fracturing
activities. Consistent  with this conclusion, EPA’s statement that the location of wells on the
structurel dome “would also facilitate enhanced gas migration” is simply a statement of the
geologic conditions at the Pavillion ficld and cannot be considered proof that the cxistence of
methane 1s due to hydraulic fracturing.

Finally, clevated concentrations of sulfate and total dissolved solids, which have notable
impacts on aesthetic water quality characteristics, are common in many water supply wells in the
area. As shown by USGS water sampling cfforts conducted prior to 2000, these arc not a new
phenomenon.  (This sumilarly applics to the presence of iron- or sulfur-reducing bacteria.)
EPA’s investigation of domestic water wells has not shown that changes were a response to gas
production activities.
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Section 4
Conclusions

Detatled discussions of many aspects of the Draft Report are provided above. The key
conclusions that can be drawn from SSP&A's evaluation of the report are provided below.

o EPA's study design was not sufficient to gather the data, nor draw the conclusions it
asserts.  The 1investigation appears to have been completed without an adequate
conceptual model of arca hydrogeology and contaminant fate and transport. EPA has not
provided sufficient data to distinguish between naturally occurring and anthropogenic
occurrences of hydrocarbons, nor describe their source(s). Similarly, EPA's inferences

regarding depth-related concentration gradients between MWO1L and MWOZ cannot be
supported with the existing data. Overall, the study is not cohcrent as presented, and is
insufficient to support its purported conclusions.

e Deep monitoring wells MWO0T and MWO02 were besct by well construction, dcwﬂmnmm
and sampling problems that may have tmpacted or caused the presence of hugh pH, CL F
petroleum hydrocarbons and other organic compounds.  Addinonal devel opt mm
(especially for MWO02) and sampling of the wells will be necessary prior to drawing any
conclusions regarding potential contamination n these wells.  This sampling should
encompass a minimum of four rounds for full parameter sets, but only afier fully
devcloping each well and ensuring that no interferences from construction or incomplete
development arc possible. Because the two existing data sets show significant variation,
it 1s recommended that the wells be sampled for a restricted set of parameters until
stability of the results—or a definttive trend—can be established during development.

e There are anumber ofissues with the laboratory methods employed by FPA, and their
reporting. The quantification of DRO and GRO results 1s suspect for nearly all samples,
and certain analytical methods remain untested. These should have been recognized and
%ddmw ed prior to publication of this Draft Report. As it stands, much of the

gnificant” data 1s suspect either because of the information mmndmi and/or because of
H /-’m failure to provide all necessary backup for a full validation.

e All the “lines of evidence” EPA cites to support their conclusions can be adequately
explained  with  alternative  hypotheses  addressing  either  natural  background
concentrations or sampling/analytical problems. EPA must more fully consider and test
these alternate hypotheses before these conclusions will be fully supported.

o [fEPA intends to continue with the mvestigation at Pavillion, a revised QAPP m Field
Investigation Work Pﬂa“,, approved by a qualificd peer review committee, are required. A

revised report should be prepared only after all the concerns highlighted herein have been
addressed.
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Table 1

Or

ganic Compounds Reported in Domestic (PGDW ) Wells *

5.8, Papadopul os & Associates,

Ing.

Camment

5508

uoroathane

Chiorofiuoro

hon, “detected e single well

Urrelated To HF

2 1,3 1Dimethyl adamantane 35170 Detection nHirrned
J srikl} A
concentration "higher than those inthe Phase V"
domestic welis samples (seepage 147 of the F
R Qualified ¢ ) . N

3 2.4,5 Trichlorophencl L Detectio -onfirmed

infater Pha
; . o Qualified detection in"1 w ’ L .
4 2, otoluens o Detect! ot confirmed

iy
5 Hitlorophenol Detections “are not"confirmed
) thyinap Detections ol rrned
7 4lCHiore B imethyipherol Detections are not confirmed
i Quatitied ns 2 welis in Phase i but all Phase
2 Ace ire ~onfirmed

Worasults ware ND

Acernmphthyviene

Cuslified

Detections are not confirmed

i degradation ‘ot organic’
10 Acetate ¢ B
rratter
11 speparad Detections“are rotconfirmed
blank
i
L
15
i4 ompourds
seration “higher th
15 One’c
16 Sevear
. I . Gualified detectionsin"Phase H, bu Bhase IV resulis’ L . ) .
17 Butyl henzyi ‘phthalate . e not'confirmed; Unrelated to Hi
were'ND
. Guatified Detections in | SVand U hut o Phase 1V .
18 Caprolactam ‘ med;”
follow fup
i e Ore'detection wase 1L but sl Phase Vi results"'were” ‘ .
19 Chioroform N Detections "are not condirmed;
. -, { etections in"Phase I, bu hrose 1V results’ . . X .
76 Chlorometh I Detection: aotconfimed;
were ND
) . Cualified "detections i Phase |, sut el Phase 1 recults R L, .
21 Dimethylphthalate Detections are not confinmed; |

Ditredbutylphe

wase 1Y resulis”

Detectior

(e

"not'contirmed; Unrelated

75 Dilnloctyl phthal tections ‘are ot confirmed; Unrelated ™
results"'were NI
4 Fluorere Betections are not confinmed
Forma Multiple possilile sources Do degradation ol organic”

rratter
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Table 1 Ovrganic Compounds Reported in Domestic (PCDW) Wells #

Analyte Camment Issies

26 Heptanes Detections inPhase 1L but no follow lup Muttipte possible sources

Detections in'Phase™ ], "but no follow Tup Wiuttiple possible

8

"y results\were”

Ope’detection”inPhaseil, but”

28 Methylene ‘chioride Dretections are notconfirmed, Unr

hase IV results”

Naphthalere

30 Octanes Datections "are not'confivmed; multiple 'po

e ot cordinmed, ruttiple ‘possible sources

Partanes Detactions i Phase I bt no follow Lup Dratections

Qualified detections in"Phase’ I, bu Phiase IV results

Phenol

rmed; mudtiple

P

se' Y results'were”

23 Propares Detections are not confirmed

Une'detection in Phase i, but all Phase 'V results"'were
N

34 S

frere

Tetrasthylene ‘Glycol Albresults"are auslifie “rext

Detections inPha

37 e Giycol Detections"are not confirmed
g o > results” o s
28 Tris {2 thutoxvethyl) ‘phosphate setions sre not tontirmed
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Text of Freedom of Infermation Act (FOIA) Request Submitted by 5.5, Papadopulos & Asseciates
to USEPA en February 7, 2012’

Specific Information Needed: Records Relating to R& Pavillion Study and December 8. 2011 Draft
Report as follows:

by Field notes for all Pavillion *MH “Mz:}ﬂﬁailm and sampling ey a:~ ente divected by EPA, specifically
including Phase 1 (March ‘)} Phase 1 (Janvary 2010). Phase 1 (October 2010), Phase 1V
(April, 201 1),excluding me Fand Phase 1V fow-cell logs.

2y Infon nm,mm (field Togs, analyiizal data and tab sheets) for 9 permanent soil gas probes installed in July
“y

2010, and any %mx;m ary soil gas probes installed and sampled (refevenced in Scetions 3.2, 3.3
ami 5.0 of the GWERD QAAPR),

3y Water Sampling Information: Field notebooks and Excel spreadsheets for Phases [T and 1V (as
referenced in Scetion 7.1b of the GWERD QAAP).

n

1 oy PN ) . . f . fenl e
The inttial roquest, submitted vig web-form, inchaded @ typogruphical crror. The text presen d here
mw‘mm version. as per e-mail correspondence aud phone conversation with Michelle Marcn of USE
Fel v 82012

is the
]

PA on
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Preliminary QA/QC Review of Chemical Data from the
USEPA's December 2011 Draft Report Investigation of
Groundwater Contamination near Pavillion, Wyoming

Prepared for
$.8. Papadopulos and Associates, Inec.

7944 Wisconsin Ave,
Bethesda, MD 20814

Frepared by:

QAIQC Solutions, LLC

7532 Champion Hill Rd. SE
Salem, Oregon 97308

Fabruary 22, 2012
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Acronyms and Abbreviations

ACF advanced chemical fingerprintin

ATSDR Agency for Toxic Substances and Disease Registry
CLp Contract Laboratory Program

DI data quality indicator

DBOO data quality objective

DRO diesel range organics

Fsp field sampling plan

GCTID gas chromatography/flame ionization detecior
GC/PID eas chromatography/photolonization detector
GOMS gas chromatography/mass specthrometry

GRO gasoline range organics

HPLO/MS/MS high-performance liguid chromatography/im ass spectromery/ mass spectrometry
LCS leboratory control sample

MS/MSD matrix spikematrix spike duplicate

MQO measurcinent quality objective

PAH polyeyelic aromatic hydrocarbon

PGO project quality objective

QOAQC quality assurance and quality control

QAPP guality assurance project plan

SIM seleeted jon monitoring

SRM standard reference material

SVOC semivolatile organic compound

USEPA U5, Bnvironmental Protection Agency

VO volatile organic compound
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1.0 Introduction

QAQC Solutions. LLC has completed a p'ﬂ"u%imﬁmw guality assurance and quality control (QA/QC)
review of the Draft Report prepared by the U.S }’n\f’vm* ntal Protection Agency (W%E %) Diraft
Investigation of Ground Water (mmmnmmn near Pavillion, Wyvoming report (U5, EPA 2011a) rel awj

on December 8, 2011 and supporting ‘*mﬂymaﬂ data. /\E[ mfm mation roviewed was pmwd fmﬁm by
USEPA Region & at hitp//www.epa.gov/regiond/superf and'wy/paviliion/.

The purpose of this preliminary QA/QC review was to deternune if applicable laboratory QA/QC
procodures were properly documented and 1F the overall quality of the data roported s sufficient o
support 118 intended P m‘me A more in-depth review was completed on the resulis reporied for the
gasoline range organics {GRQO), dicsel range organics (DRO), \M@U@ organic compounds (VOCs),
semivolatile organic a,wm‘wnm?% (SVOCse), alcohol compounds, and glyeol compounds data. A Tist of
documents reviewed and ¢ cwm to prepare the fndings presented herein is presented in the Relerences
scerion. The findings of this preliminary QAQGC vm/mw are summarized below.

2.0 Summary of Preliminary Findings

Several items of concern were identific d ﬁmwr the prelimingry QA/QU review of draft teport and
supporting analytical data and include the followin g

Lo All data reported by USEPA should be subjected 1o a thovough internal and independent third-
party datz verification, data validation, data quality asscssment (DQA)Y, and data usability
evaluation prior to s usc. Cqmmﬁmm of these tasks will allow for a better understanding of the
overall quality of'the d vertfy that all applic able QA/QC procedures were docunmented and
completed: 1dentify potential limitations (1T any) of the data: and. to help determine, with a known
degree of confidence, fthe data are wsable for thew intended purposels). A bricl summary of
some ol the elements regarding QA/QU processes and procedurss. data verification, data
validation, DOQA, and data usability ovaluation arc provided in Attachment | for relorcoee.

Interpretation of the data and ot work products produced should be subjecied to a thorougl

internal and external peer review prior o its release. The intent of completing peer review is. in
part, to identily il theve are {echnical problems or unanswered guestions associate % with the woik
completed and the subsequent documentation of such work, This isa process of “enhancing a
scientific or technical wwﬁx product 5o mm the decision or posilion taken by the Agency, based on
that product, has a sound, credible basis” (US. EPA 2000),

[

3. Cowmplete documentation of all data collected during the investication is not vet fully posted on
the J&E:”A website, Until such time that all analyiical data is made available. a thorough

assessment of the overeall qualivy of the data cannot be completed ot this time,

4. The USEPA acknowledges that several of the analyt ical method standard operating procedures
(S0Psy used 1o complete some chemical analvses are not offi m'«zﬁ EPA approved methods nor
Were zhcy subjected 1o the mq uired peer review (U S, EPA 2000, 20024 sce note below. These
SOPs are probably capable of generating aceeptable and repeat: zi € dmm however. the use of non-
EPA approved methods, mwm«f with the lack ﬂflx;mz opriate (and required) pecr roview, could
possibly result in the reporting of potentally biased data. 1t should be noted. however, that the
USEPA reported applicable QU micast urement daw that included wiethod blanks, surrogate

compound recoveries. watrix spike aond mateix spike duplicate recoveries, results of standard
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reference material (SRM) analvses, and laboratory duplicate sample analyses, The resuits of these
Q(,‘ measurements were eenerzlly  acceptable, indicating the methods used for analysis are

capable of producing data of good quality. In addit ion, the USEPA should state why these SOPs
have not been subjected to the peer review process.

Mate: The specific comment made by EPA in the applicable SOPs is as follows:
“This Standard Operating Procedure has bcm prepared for the use of the Ground
Water  and  Ecosvsierm  Restoration  Division  (GWERD)Y  of the Ub
Environmental Protection Agency and may oot be spec tfically applicable to the
activities  of other 01”*7“!“"3ﬁ7ntwm«x THIS 1S NOT AN OFFICIAL EPA

APPROVED METHOD., This docuwment has not been through the Agency's
peer review process or ORD clearance process.”

There is not sufficient information available to completely address the qualitative and quantitative
congerns regarding am GRO and DRO analytical results mgw‘n‘mi. A detailed description of how
the USE ”’/‘x is defining, qualitatively identifying, and quantifying GRO and DRO should be
provided. The data currently available does not permit an independent verification ofthe GRO
and DRO: complete guantilication lists are not provided that list all of the chromatographic poaks
that were used for gualitative purposes and the area or peak counts of those chromatographic
}WE%E&&; that were sumuned for quantitabive purposes, Wi thmm this mfmszmx itis not possible to
determine what chromatographic peaks were used for gualiatve and quantitarive purposes and
the validity of the data reported

Note: GRO (e, TPH as gasoling) and DRO (as a dicsel product) are mu Upmﬂ
FespoOnsSe mixtures containing hundreds of compounds.  The analyvtical methods
usually sum all of the chromatographic peaks a.:ﬂ;mﬁ g with a specl E mrbm;
range, which mav ormay not bea petroleum based compound, or by pattern
matching (i.¢. lingerprinting) the sample chromatog ram o a specilic petroleurn
product  standard (e diesel fuel 42, kerosene, ete) using  selected

phic peaks.

chromatogr

SWe846 Method 8015 (U5, EPA 20110) detines GRO a& the range of allkanes
from C6 o C10 amd DRO as the range of alkanes from C10 1o C28. The sum of
the peak arcas (or peak height ifused) of all applicable chromatographic peaks
cluting within these specified carbon ranges are used for quantitative purposes.
The GRO and DRO analvtical methods will result o the detection of many non-
alkane and won-petroleum based compounds, Uupmd ng on the qualitative and
auantitative criteria that were used. GRO or DRO then may be reported a5 a
[alse positive or biased high because other compounds that may bo present, st mh
as naturally occurring organics. that elute within the applicable carbon ranges

Additional concerns regarding the GRO and DRO data are summarized in other discussion points

below.

The use ofthe terms GRO for TPH as gasoline) and DRO (io. as diesel vange organics) arg
commonly misinterpreted to mean that GRO s an awmtomobile fuel (gasoline) and DRO is a diesel
tuel {e.g., diesel #2 fuel). Further, potentally false p@mm or highly biased data mav be reported
whern non-target compounds are also present. To minimize pmmmﬁ Widmm‘ﬂrm%‘um of the GRO
and DRO data reported. it is suggested that data qualifiers be assigned 1o these data, The purpose
of the date qualifiers isto provide data users wim a very clear understan d ing of what the GRO
and DRO data reported represent. For example a qual ifier code could be used to ler data users

ARG Solutiong, LLY

[

EPAPAV0093045



,
8.

know that the chromatographic fingerprint of the sample resembles a petrolenm product cluting in
2 g

approximately correct carbon range, but elution patter dmw not mf;,h kv the calibration standard.

Another qualifice code could be used fo dndicate the chromatographic fngerprint ofthe sample

does not resemble a petrolenm product

fwas not evident in the dﬁm made available for review if the (HRU analvses were completed
using acid preserved to pH <2 samples or were they unpreserved. This should be clarified.

'E‘Ew resulis reported other selected chemical constituents such as VOCs and SVOCs do not
provide sufficient qualitative evidence to support that GRO and DRO as a petrolevm product may
m, present in most samples. A lew examples are discussed below.

Hm presence of GRO | H 1 as gasoling) s suspect in most samples, but appears o be present
ina few samples. The d eternvination that the presenee of GRO s sus spect i based on the fndings
there 1s a poor match of the ,wﬂ{)le mmmmmgmn to the standard used for qualitative pm

and that common constituents found in gasoline (e.g., BTEX and additives such as MTBE) were
not detectod or were present at very a low concentr ation and not condirmed in the VOU analyses
completed using gas chromatography/mass spectrometr v (GC/MS) using SW-846 Method 82608
(U.S. EPA 2001b). For those samples in which the presence of TPH as gasoline is plausible, its
prescnce 18 supporied by the detection of BTEX and other ;zddmw by the GC/MS method;
however. the resnlts reported for TPH 2s gasohne Dikely exhibic a high bias dae to inclusion of
non-petroleum related compounds as a result of the general requirenicnts spocificd by the method
and briefly discussed above. A Tew examples to illustrate the comments asbove include the
following:

f For Phase 1, data suwmmaries and oviginal instrument printouts for the GRO
and VOC analyses were posted on the USEPA websiic,

t  For Phase 1. no field blank ¢

. trip blanks or field blanks) were
reported along with the %an‘n"zpk* res llm The highest concentrations of TPH
as gasoline were reported in samples PGMWOT at 389 wo/L, PGMWOID at
322 gl W;MW 2210 ue/l, and POMWO3  at 1,060 ug/L. The
cot qumd o VOU results by GU/MS using SW-846 Method 82608 (U5,
EPA 2 Eb for these samples lvmmﬂf’ reported as detected  benzene
cmyﬁm;ezcm,, and  xvlenes, 1,3,5-Trl ntmhw%‘%mm ne, tert-Butylbenzenc,
adamantane, and 1.3-Dumethly adamantane: toluene was cither not detecred
or was present ala very low conceniration. The con centration of benzene
was atypically elevated compared fo the other aromatic VOCs, which does
indicate the presence of an unweathered or weathered gasoling profile.
Further data analysis is recommended.

POTPH as

e

gasoline was reporfed as detected 10 Sample MWOT m the Phase 1
investigation at 389 ug/L. BTEX (and other gasoline-related components)
should be detected %'u‘ 1 VOU analyses by GO/MS asing SW-846 Method
3260B (U5, EPA 2011b): however, only toluene was dotected (as a false
positive} at o very fmw concentration. Review of the corresponding VOO
data shows that 1olucne was reported as detected at 0.750 ug/l in MW
and was also detected at 0160 ue/L in the ficld blank, 0.840 vo/L in the ’"@
blank. and 0.160 up/L inthe equipment rinsate MM kassociated with this

In following data validation protocols using the 15 times rule for uncommon
contaminants by using the highest concentration found in any blank and

3 ARG Solutiong, LLY
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0. Atthis time there is po indicauion if

taking into account any dilution factors (US, EPA 2008), all toluene resuls
reported as detected at g concentration of 12,7 ug/L in all samples associated
with this trip blank should be restated as undeteet ed (U) at the concentration
reported (if greater than that found in the blank) or restated as undetecied af
the concentration found in the blank if'the concent ration n the sample was
tower. VOUs were not reported as detected in the method blank.

After taking into account contributions of VOO due to blank contamination,
itis evident that BTEX and other VOCs arc nol present in MWOI dmng
Phase T and the presence of GRO (as gasoline) s unlikelv. This tvpe of
example is {found with several other samples,

¥ TPH as gasoline was reported as detected in Sample MWOL i the Phase IV
i cation at 592 uwo/lL. BTEX (and other gasoline mm’md COMPONeNis)
should be detected inthe VOU analyses by GU/MS using SW-846 Method
& MP) Review of the corresponding VOU data shows that toluene at 0.560
1o/, myp-vienes at 0.890 ug/L, 2-Hexanone at 0.370 ug/l, 4“‘“ﬂmtﬁtv%w%
pentanonc at 2.60 wg/L, and acctone at 79.5 ug/l were reported as detecte

in MWL In the two field blanks, m p-xviene was d tected at 0.690 g/l
and 0 /W) ug/L, in addition to I'M,“““E%U/Em none at 0.640 ug/l and 0.820 ug/'L, 2-
Hexanone at 0.290 ue/L. zmd U 410 ue/L, acetone at 1.03 ug/L and 1.38 e..,ig
and methacrylonitrile at 0.270 ug/L and not detecte d in @«;:@*md field W
Chloron m.umm was the mzﬁv VOUC reported as detected in the wip blank gzt
F.o4 ug/L. VOCs were not reported as detected in the method b lank

.

Using the 15 times rule for uncommon contaminants and the 110 tmes rule
for common contaminants with highest conceniration found in anv blank
and taking into account any dilution factors (U5, EPA 2008). the twolucne
results are considered acee gui vle because this VOO was not detected in the
associated blanks. However, all associated samples results would be restated
as undetected if the concentration was 135 ue/L for myp-xylene, ¥ 2-
atanone at? 4.0 ug/l. 2-Hexanone at L.OS ug/L. and acetone at 11358
Adter taking into account contribution of VOU due to blank
contamination, only toluene would be considered at present in MWD
during Phase IV and there is no an iodication that GRO (as gasoline) is
present.

¥ The reported detection of TPH as gasoline 1 MW02  during the Phase TH
and IV invesugations appears 1o be representative of gasoline and supported
by the VOO by GC/MS results.

ny of the sanples analyzed for DRO were subjected 1o silica
gel column cleanup (or any other cleanup procedures) for the apalysis of DRO. Cleanup of
sample extracts 38 often necessary to remove or minimize interferences cavsed by non-target
analytes that may be present sothat mwore reliable qualitative identification and more ac
guantilication can be completed. Silica gel retains the polar, naturally occurring. compounds
while the non-polar, petroleuwm-based hydrocarbons remain in the extract. Use of this cleanup
aliows for more rehiable gualitative identification and guantification to minimize the reporting of
potential positive or biased high data (c.g.. reporting of conventrations ﬁhai are actually lower
than are quantified. Additonal clearup procedures, such as alumina, may also be used to further
minimize non-target analvie interforences. The USEP A should state ifthe samples analvzed for
DRO were or were not subjected to this t%cmmap procedures. Inaddition. all future analvses {or

g,
FOC
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DRO should be completed with and without the use of silica gl mimm clearup in order to
evaluate i non-target organic compounds of biogenic origin mav be causing a positive bias.

The presence of DRO (i, diesel range organics ) is suspect inmost samples, but appears 1o be
present ina fow samples. The determination that the presence of DRO is suspect is primarily
based on the findings there is a poor match ol the sample chro rarm o the standard vsed for
qualitative purposes. The results reported for DRO Tikely mmbii a high bias due 1o inclusion of

non-petroleum related compounds. A tew examples to ilfustrate the comments above melude the
following:

I In the Phase I investigation, DRO was reported as present in 13 of 15
samples were analvzed, Many samples had many chromatographic peaks,
but none matched the diesel #2 standard wsed for calibration and
quantification. Many of the samples did not have a characteristic fingerprint
patiern to diese! range peuoleum hyvdrocarbons, The chromatogram  for
Sample PGDW30, however, may be representative of mineral spirits,
stoddard  solvent, or other similar mw petro Eem wmmmbm the
laboratory noted on this chromatogram “early diesel V.7 Residual range oil
product cluting aﬁm‘ the DRO range way possibly be present in some
samples {e.g, PGDWO “\) The chromatograms of z"&thm* samples {e.g, hc‘

i

trap sample) are indicarive of alkanes representative of plant waxes of likely
terriginous origin,
§ In the Phase Il investigation, DRO was veported as present in 28 of 35

samples were analyzed. The samples with the highest concentrations were
PGMWOT at 638 ugL from a 110 dilution, PGMWOZ at 1,230 ug/L from a
RO ditution, PGMWO3 at 62300 ug/l froms 2 123000 dilution,  and
POGMWO4 at 4,830 ue/L ﬁum a 110 dilution. The chromatograms of these
samples indicate a dieselrelated fuel could possibly be present that elutes
carlier than diesel #2, but can not be bmm with certainty since other fucl
1 wdw% were not analvzed that could be used Tor comparison.

While a fuel product could be present in the s:zemgy@c.@ listed above, DRO was
also reported as detected in the associaled ficld bmk at 265 ug/l.
Therefore il'these data were mﬁiﬁmcd following guidance specified USEPA
functional goidelines (U5 EPA 2008}, the vesulis z'v@:pmlmi for PGMWOT,
PGMWQO2, and PGMWO3 waszH berestated as undetected  (U) because the
concentrations prior 1o adjustment of the dilution faciors were 15 times the
concentration found in the ficld blank, The action limit would be 5 % 26.3
o= 1325 ug/L and the concentrations m*%m“ to adjustment ol 'ﬂm dilution
fa m would be 63.8 ug/L for PGMWOT, 123 ug/L {for POMWOZ, and 1242
ug/L for POGMWO2

¥ DRO was reported as detected in MWOT at 634 wo/L durving the Phase TH
investigation and at 924 ug/L »iwmw the Phase 1V investigation. For MWO02
in the Phase 1 investigation, DRO was reported as detected at 1,440 ug/l
and in the Phasce IV i‘mwmwum at 4,030 ugL (and 4,200 mg/L in wm
duplicate sampler. The DRO (as a petrolewn product) detections are suspect
in these samples because there 1s poor ma tch with the diese stapdard and
there were predominantly many early eluting peaks that are not h}d"a‘mi”c of
a dmdm“arw@ el produet that were wsed for both gualnative and
quantitative purposes. There were a fow chromatogra phic peaks within the
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applicable carbon range, but the lngerorint did not appear to be that ofan
urweathered or weathered diesel fuel product.

! In Phase M the SVOCs reported as detected m MWOT using GO/MS
W“%m,mj ;}hmfﬂ benzyl aleohel, 3 & 4 methylphenol, benzoic acid. and
bis{ Z-ethylhexyl) phthalate, all m which are not representative of a diesel
pmdz,u,i. The % OCs by GO/MS reported as detected in MWO2 included
phenol, benzvl alcohol, 2-methyiphenol 3 & 4 methylphenol. isophorone,
2 A-dimethylphenol, bmzxms acid, naphthalence, Z-methylnaphthalene, |
methyinaphtalene, and bis(2-ethylhexyl) phthalate,

o In Phase 1V, the S5VOUs reported as detected m MWOT using GU/MS
included  phenol,  bis(C-chlorocthylether, benzyl  eleohol, 3 & 4
methyiphenol. benzoie acid, bis(Z-ethvthexvbadipat e, and bis(2-ethylhexvl)
phthalate, all of which are not representative of g JnmwEwwr;,mgw oroduct. The
SVOCUs by GU/MS reported as detected in MWO2 included phenol, 2-
methylphenol 3 & 4 methviphenol, dimethylphenol, benzeic acid,
naphthalene,  Z-methyinaphthalenc P-methylnaphtalen e, and  bis(2-
ethylhexyl) phibalate.

General information about fuels is provided in Attachment 2 for informational purposes.

Advanee chemical fingerprinting (ACE) analytical methods should be considered to more
definttively verify the absence and/or presence of GRO and DRO inall samples. Examples of
ACF analyses would include such analvses for PIANG (ie., Paraffins [straight-chain alkanes)],

Isoparall

V%
Ans [branched alkanes| Aromatics, Naphthenes [cvcloalkanes|, and Olefins Jalkenesi:
aliphatic hydrocarbons (i.e., the normal alkanes from n-C , to n-Cyy, pristanc, and phytane). and
total resolved and unresolved complex mixtires by GU/FUD; PAHs and alkylated PAHs by
GC/MS operated in the sclected fon monitoring mode (SIM) biomarker compounds such as
steranes and terpancs by GO/ME SIML, and a full GU/M S sean for petroleum-related compounds

{c.z.. n-alkancs, isoalkanes. soprenoids, alkylovelohexanes, alkvbenzenes, and bicvelancs within
the C10 1o C40 rangel

[

The report stated the detection of glyeols in several domestic well samples analyzed using 2
GOAID technigue were fikely reported as {alse positive (sec page 27 of the report). The USEPA
further stated these glycol detections could not be confirmed ustng 2 hquid chromatography with
tandem mass spectroscopy analvsis (note: r&:‘ﬁm‘@“wed as GO/MS/MS inthe report). Per USEPA
interpretation of the initial reporting of false positive glveol results, the confirmatory non-
detected results shoald be used for interpretaive purposes and not the GC/FID results.

Motes: The USEPA report (see page 27) referenced the GU/FID technique used
lor the analysis of glveols as "EPA Standard Mcethod 80157, but should be 8W-
846 Met ‘}mi ®O1SD. The USEPA report (see page 27) used the acronym
GOMS/MS,  which 15 the  acronym  for  gas  chromalograp hy/mass
spectrometry/mass spectrometry: however. the text stated Tiquid chromatography
with tandom mass spectroscopy. This discrepancy should be corrected

While the glyeol analyses completed by HPLO/MS/MS  during the Phase 1V investigation were
completed using a non-peer review method. the results of the quality control measurements are
acceptable and these data are of geverally good quality. These data tentatively indicate that glyeol
target compounds are present in MWOL and T\W/ 12 and there presence should be confirmed using
other confirmatory technigues during future sample and analysis. In sumimary, resulis reported
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using ﬂim analytical technique should e used for interpretive purposes rather than the GO/TID

15, The draft report states that some target compounds were present in associated blank water
samples {e.g., method blanks, trip blanks, feld blanks, and/or cquipment rinsate banks). [f the
data were su h‘mmd to an appropriate degree of data validation. many resulis reported as detected
would be restated  as undetected (U) beeause the concenwations found fnthe samples were 15
times (vsed for ancormmon F(}l“t&‘ﬂ”ﬁ"iﬁ‘mﬂﬁ} or V10 times (used {or commion contaminants such as
acetone for VOU analyses and phthalate compounds for SVOC analyses: see US. EPA ) the
concentrations found in the assoviated blanks, The affected results would then elther be restated
as undetected (U) a1 the concentration found in mc associated blank or at the concentration
reported in m samples. Several examples of how blaok contamination resulted in the reporting of
false positives for VOCs, GRO, and DRO were d*m ssed above.

6. The collecu mf“z of samples and one Held duplicate from only rwo monitoring wells (ie. MW
and MW02) ing only two sampling cvents is not statistically significant. Results collected
from MWOI ;w.% MWO2 collected only mwo times is inadequate to support any conclusive
intorpretations of the data. In addition, there is no background or baseline data to compare the
current data scts to for interpretative purposes. [here are currently insulficient sample results Tor
these two wells 10 support the decision-making process. More in-depth sampling and analysis
needs to be completed to acquire suflicient data that will be statistically significant

17, Diata were reported for selected analyses completed on some of the drilling additives. It was noted
that the resulis for the analysis for VOUs by head space GO/MS (sce file name
Sample lem ts BOATTREE SSA163 23993 07.21-11 Headsp acepd! on the USEPA websitc)
were completed in July 2001 and after the Phase 1V event These daia are from analyses
completed using a concentrated preparation of the drilling additive(s) (e.g., AT [le, agua clear],
AC Lab Dup. Penetrol. and EZ Mud Gold) and water. There are also data reporied for VOUs by
head space GC/MS ontwo unknown samples that are labeled PAV 01, and PAV 02, which arc
not been described (or summarized) in the report. It i3 important 1o note that several aleohol
compounds, BTEX, and other VOCs were reported as detected in PAV 01 and/or PAV U” ith
some at elevated concentrations with the most significant detections in sample PAV 02 The
significance ofthese data is unknown because no additional information has been mwnmd in the
report; therefore, additiona! information regarding samples PAV 01 and P/%\/ 02 and their
pertinence to the investigation is necossary.

This completes the preliminary summary of findings. Additional comments regarding the infonmation
reviewed are summarized in the sections below,

3.0 Specific Comments on EPA Draft Report

The comments provided below are based on the information present in the USEPA Drafl, Investigation of
Ground Water Contamination near Pavillion, Wyoming report (U8, EPA 201 1a).

Section 1.0: Site Background

No comments at this time
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Section 2.0: Methods

Deep Monitoring Well Installation

Three of the six drilling additives were extracted in water (see mwc Sand 6 of dratt report). The following
comments pertain the analyses that were completed of the deilling additives extracted in water:

o Itis not clear ifonly one batch, or several batehes, of drilling additive extractions
with water were prepaved for each of the determinations listed below. Clarification s
requested,

T The source of the water that was used to conduct the extractions of the drilling
additives should bespecitied. It does not appear that the formation water (i.e., the
municipal  drinking  water from Riverton, WYY was tested for the chemical
constituents completed on the drilling additives. Further clarification is requested. 11
any other water sources were used at any time, additional details are requested.

P A summary of vesults for the glycol analyses completed on the drilling additives has
not been provided. A summary similar to those reported Tor the other analyses
conducted should be provided. In addition, the mcthod used to complete the analysis
ol glycols should be referenced and a copy of the applicable SOP used should be
provided.

b Alternative mcethod(s) should be fow m to extract andanalyze the Dense Soda Ash,

Gel, and Quik-Trol Gold drilling additives for organic chemicals of concern

L VOCs, GRO, DRO, SVOCs, @:m.} to make sure none of the target compounds

oncern may be present,

of ¢

P Analyses of o complete mixture of all of the drilling additives in the recommended
formulation ratio should be extracted in water and analvzed lor all chemicals of
concern (e.g., inorganics, VOUs, GRO, DRO, SYVOCs, eic). This would be uselul to

evaluate all possible external sources of contaming tion.
P Drithing additives were exrracted in water (see page 5 and 6 of draft report) and
tested for the lollowing constituents:

tY

pﬂ and conductivity (u nspee ified nﬂ&tﬁ.(’d% and dates of determination). All
sin additives {c:* o, Ae:;z Tear [ACY, Penetrol, EZ-Mud Gold, Dense Soda
A h, Quik-Gel, and Quik-Trol Gol H WEre amw;{m‘

Chioride and suliate using USEPA RSKSOP-214, Rev. 5 - Quality Control
Procedures for ()Cm**’z‘ l”’“trw’“ cters Analyses [M'}g Lachat Flow Injection
Analyses (FIA), Lachat FIA Method 10-117-07-1-B Determination of
Chloride by E*‘ﬁ(m M}mmom Analysis Colorimetry (mercuric thiocvanate
mihud -calibration range of | - 50 mg/'L). and Lachat FIA Method 10-116-
i-C U“u,mmmnm of Sulfate ’iw low Injection Am ysis (umhidﬂwmﬁ
wm! od - calibration range of 2 - 50 mg/L) on May 2011 All st ad imxrc*‘
{c.g., .M,ﬁ, PmctmL EZ-Mud (J()ﬂd“, Dense Soda Ash, Q;,m; el and Quil
Trol Gold) were analyzed.
" Twenty-seven (27) elements using USEPA RSKSOP-213 Rev. 4 '“mdwm
Operating Procedure for Operation of Perkin BElmer Optuna ”%w 0OV 1CP by
inde an v ma pled plasma-optical emission spectroscopy (1CP-C .f“}) ot
March 3,2 All six %d@mw "u o /\(L, Pencirol, EZ-Mud Gold, Dense
Soda Ash, szﬁ Crel, and Quik-Trol Gold) were analyzed.
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Selected mm% m‘o*rwir hvdrocarbons (Lo, BTEX acctone, teri-butyl
aleohol, MTRE. S-Trimethyibenzene, 1.2.4-Trimet hylbenzene, and .23~
Ezmmhyﬁbmmm) ;‘mmg USEPA RSKSOP-122 Rev. 4 - Analysis of
Wolatile Aromatic Hydrocarbons by Purge & Trap Gas Chromatography
Archen by gas chromatography with an unspecified detector on July 14-15,

o Only three of the six additives (c.g.. AC, Penetrol, and EZ-Mud Gold)
wore analyzed,

" Thirty-nine (39) VOCs using USEPA RSKSOP-259/1 "Deterniination of
Volatile Organic Compounds { el ()xww ates, Aromatic and Chlorinated
Hydrocarbons) In Water Using Automated Headspace Gas
Chromatography/Mass Spectrometry on July 15-21, 2011, Only three of'the

six additives (e.g., A( Penetrol, and EZ-Mud Gold) and two unknown
:sarn’“zp]im (i.c. PAW Fand PAY 02) were analyzed. A description of the
PAV 01 zmd PAV 92 samples 1s required. 1115 not clear why other organic
and inorganic analyses were not completed on these mo samples zz'ﬂd
clarification is needed. A description of samples PAV 01 and PAV (2 and
their pertinence {o the investigation are nccessary.

Several forms of carbon (c.g mmI organic carbon, total inorganic carbon,
NPOCY using USEPA RSK (SOP-102 tev. 5, Determination of Total Carbon.
Total Organic Carbon, Dissolved Carbon. and Dissolved Organic szhon in
Water using the Dohrmann DC-86 Carbon Analyzer and REKSOP-330 rov.
0 Determination of Varions Fractions of Ca ’mm in Aquecous Samples using
the Shimadzy TOC-VCPH Analyzer on Macch 17-30, 2011 All six
additives (e.g., AC, Penetrol, EZ2-Mud Gold, Uuﬁm Soda Ash. Quick-Gel,

o

and Quik-Trol Gol d) were analyzed.

Glyeols were analyzed by an unspecificd method on an unspecificd date.
Only three of the six additives (e.g.. AC. Penetrol, and EZ2-Mud Gold) were
analyzed.

Chemical characterization of the dense soda ash, Quik-Trol Gold, and Quik
Gel were not completed appawﬂ%v because © a%w olve d organic

concentra mm woere low... " as stated i the USEPA report. Analyses of the
dense soda ash, Quik-Trol Gold, and Quik Gel shonld be completed for all
target organic compounds and all addinves should be analvzed Tor SVOCs
GRO, and DRO.

Ground Water Sampling of Deep Monitoring Well in Phase Hl and IV

No comments at this time.

Section 3.0: Results and Discussion

Inorganic Geochemistry

The tollowing comments are provided:

T The discussi (m onpage 20, first {ull paragraph states the “romal alkalinity was not
particularly high (<500 wme/ke), and as already noted up to 94% of the total
alkalinity was present as hydroxide (sce charge balance calculations, Table AZb)”
The following comments are provided:
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it (i.e, mgko) can be

Hsamples were aqueous, please explain how 2 solid
used? Was this a typo?

It does not appear the assumption that 94% of the total alkalinity is hydroxide
alkalinity been confirmed by comp sleting analytical tesung. USEPA should
analyre for total alkalinity in the laboratory using a titration method such as SM
23208, then using appropriate caleulation to du,umm; hydroxide allalinity
where hvdroxide [OH-] alkalinity is present i€ phenolphthalein alkalinity is
more than half the total alkalinity). The results obtained will assist with
confirming the results obtained using the balance equation discussed in the
report. Clarification 15 requested.

It was suggested the elevated pH in MWOL and MWU2 is due to addition of a
strong basc. Please provide more detailed cvidence to support t’ﬁ s assumption.

Organic Geochemistry

The following comments are provided:

' Many of the commenis in this section are factually correet under very specific
conditions, there is a lack of definitive sample-specific data to support the
assamptions being made.

T USEPA states, “a wide vanely of organic chewmicals were detected in the monttorin
wells, . The data have not been subjected to external peer review {e.g., verified md
alidated by an independent mmprmm therefore, any definttive conclusions
should to be made with care and be clearly stated in the repost.

T USEPA states three glycol compounds were detected 1n several domestic wells, but
then later dismisses these detections as likely talse positives on page 27, As ww:h
the refleronce to the detoction of glyeols sho ﬁﬂd be removed or the interpretation they
were veported as a false positive should bemade in the first paragraph for accuracy,
Further, all interpretations Lzmi assumptions made on the dummion of glyeols should
bﬂm”ﬂm ed from the report. The detection of glyeols in MWO1T and MWO2 reported
using HPLO/MS/MS appear m be valid, but additional a;omm'm'zmm'y analyscs should
be complered.

PoOLSEPA states that “detections are more numcrous and exhbibit higher concentration
i1 the deeper of the two monitoring wells. .7 1s mm;mw at this tme wotil all daw are
properly verified, validated. and qualified.

P USEPA states that due to breakdown of MLX and glyeols, that acctate and benzoie
acid are “more enriched” the shallower of the two zm monitoring wells, sugoesting
and upward/lateral migration with mamzmﬂ degradati on and accumulation mfduw hier
products (Corseuil et. al. 2011 Caldwell and Suflita 2000, Dwyer and Tiedje
198337 I is factually correet that under very specific circamstances, the prescnce of
acetate and benzoie may be the result of breakdown  of such compounds as BTEX
and  glycols, bowever, no  direet u\»ﬁdcmzu has been prosented at this time
substantiating this breakdown pathway. The presence of benzoic acid and acetate
could be duc naturally occourring substances that may be prosent. Further cxplanaton
and supporting documentation should be provided to justify the reasons for the
possible presence of benzoie acid and acetate,

P The USEPA states the detection of compounds associa ted with petroleum additives
in undwater would be “manifested as GRO, DRO, BTEX, naphthalencs, and
trimethylbenzenes observed in deep monioring wells.” Until all data have been
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At this time 1t is promature to rmeke any comments on this section until €

revie

4.0

subjected foa rigorous data verification and data validation roview, this statement
may not be factually correct.

ACE amalvtical methods should be considered to veri fv the absence and/or presence
of GRO and DRO.

The results reported for the glveols in Table 3 should be noted at being obtained for
the HPLU/MB/MS IMMH!WJ.

The result’s reported for h\“() in samples MWOT and DRO in samples MWOI and
MWO2Z reported in Table 3 should be qualified in some manner to indicate these data
are not representative of wmahnc ot a diesel fuel.

bois nor clear if the imformation summarized 0 Table 4 is based on faciual
knowledge of the constituents present inthe hydrau li fum wing fluid used at the
Pavillion site oris from a search of'the literature. The text referencing this table on
page 23 is not clear. Further details documenting the source of information prescnted
in Table 4 and it all of these chemicals were actually used at the site should be
provide for clarity,

The climination of natural gas condensates as the possible source of BTEX (when,
and if, {tmay be present) cannot be definitely ruled out at this time based on only
two samples collected on two occasions lrom the two deep monitoring wells
installed.

The statement that GRO and DRO were dcwm% in 23 of 28 domestic well samples
may be incorrect {(or biasced) basced on the limited review of the chromatographic
data. Interpretation that is more detailed u‘ gualification of'the sample data should
be compleed. Inaddition, ACE an waﬂ methods should be considered  to vernify
the absence and/or presence of GRO and DRO.

The statement that trace levels of cxotic o compounds present in some
samples may not completely correct until a thorough data verification and validation
review 1s ¢ Ommud

The contment zhaz “foul odors associated with some domiestic wells correlate with
the detections of GRO and DRO” mav be premature. As previously stated the
presence of {JRU and DRO is not definitve at this time until a thorough roview of
all sample chromatograms, VOO, and SVOC data is completed. There are other
potenti ial {actors that can caunse a foul odor and taste such as the pre sence of bacteria,

h TDS, elevated concentrations of sulfide, and/orleaching of chemicals present
i from well matedials, Scetion 4.0 (,wmhmmms;

Specific Comments on EPA

Monitoring

information

ell Drilling

the document has been peer
wed and corrcetions made to various scetions based on comments from all revicwers.

Comments regarding the monitoring well deilling addirive mformation presented in the report is discussed

below,
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4.1 Monitoring Well Drilling Additives Sample Results

The USEPA conducted some testing of the momimmw well drilling additives. The drilling additives were
extracted in water {source not specified) in a her concentrated  mixture than recommended:; sce
www.epa.gov/regiond/superfund/wy/pavillion/docs him | and the file wded "Monitoring Well Drilling
Additive Amnalysis. November 17, 2011 (PDF, 1 pg Z?& me for the ;maiys;m completed can be
found at the same JRL and inclode Sample Results ICP-OES, March 24, 2011 (PDFE, 5 pp, 59K): Sample
Results TC, TIC, TOC, NPOC, April 6, 2001 (PDE, 5 pp, 49K);, Sample Results Headspace GPLC
{chioride ’mﬁ wﬂmw May 25, 20 E (PDF, 3 pp, 42K ) Sample Resulis GCP&T Ol July 19, 2011 (PDF,
9 pp, 69K): Sample Resulis Headspace GO/MS, July 22,2011 (PDF, 20 pp, 148K,

Ofthe analyses completed, the most notable results were reported for VOCs by head space GO/MS (sco
file name SampleResults BOATTESE 556163 23993 07-21 -1 Headspace.pdl onthe USEPA website).
These analyses were pompleted in July 2011 alter the Phase IV sampling cvent. The data reported arc
from a concentrated preparation of the drlling additive(s) and water Irom an unspecil ‘éa‘d source, and
included preparation of AC [re, aqua clear], AC L ab Dup, Penctrol, and EZ Mud Gold. There are also
data reported for two unknown wmpﬁm (ie., PAV 01 _and PAV 02) which has not been described (or
sumumarized) inthe report. Ounly selectod analyses were completed on these additive samples (see Table 2

USEPA report). Several alcohol compounds, BTEX, and other VOCs were reporied as detected in
PAV 06 andior PAV 02, SOIe al very high concentrati ons; the most significant detections are from the
analysis of PAV 02, The significance ofthese data is unkoown because no additional information has
been provided regarding these two samples. A deseri ption of samples PAYV 01 and PAV 02 and  their
pertinence to the investigation are necessary.

Organic chemical characterization M" the dense soda ash, Quik Gel, and Quik-Trol Gold were not
completed organic compounds because “dissolved orga nic concentrations were low..” as stated 1 the
report. Analyses of the dmw soda M ("M k Gel, and Quik-Trol Gold should be completed for all target
organic compounds zmd all addirives should be analvzed for SVOCs, GRO, and DRO. In addition, a
complete mixture of all additives should be prepare d and analyzed for all constituents of concern.

5.0 Specific Comments on Analytical Methodology Used by
Robert S. Kerr Laboratory (as posted on website)

The USEPA acknowledges that several of'the analytic al method standard operating procedures (50Ps)
that were used to complete some chemical analyses were not official EPA methods or were they subjected
to roquired pocr reviow.

LUSEPA noted in the SOPs listed below the following: “This Standard Operating Procedure has been
prepared for the use of the Ground Wmm‘ and Ecosys tem Restoration Division (GWERD) ofthe US.
Environmental Protection Ageney and may not be specifically applicable to the activitics of other
organizations. THIS 1S ROT AN OFFICIAL EPA APPROVED METHGD. This document has not
been through the Agency’s peer review process or ORD clearance process.”

The comument above is applicable to the following SOPs:

T RSKSOPLI2v6: SOP for Quantitative Mm’y%i% of Low Molecular Weight Acids in
Aqueous Samples by HPLC, February 2011 (PDE,) 22 pp, 95K,
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PoORSKSOPIT7SvA: SOP for Sample Preparation and Caleulations Tor Dissolved Gas
Analysis m Water ‘:lgmm es Using a GC Headspace Equilibration Technique,
October 2000 (PDF, 33 pp, 297K).

P REKSOP 43’4\"3“ %ﬂ for (s /\mﬁygis by Micre Gas Chromatograph (Agilent
Micro 3000), April 2010 (PDE, 13 pp. 65K

T RSKESOP213vd SOP {or (?;‘mwmﬁn of Perkin Elmer OPTIMA 3300 DV ICP-OFES,
September 2009 (PDF, 22 pp, 78K

PORSKSOP2ZUE: SOP for Quality Conwol Procedures for General Parameters
Analyses Using Lachat Flow Injection Analvses (FIAY, March 2000 (PDF, 10 pp,
4950

PO RSKSOP257v3: SOP for Operation of Thermo Elemental PQ Excell ICP-MS,
Febraary 2001 (PDF, 16 pp, 8OK)

PoORSKSOP259vE: SOP for Determination of Volatite Organic Compounds (Fuel
Oxvecenates, Aromatic and Chlorinated Hydrocarbons) in Water Using Automated
Headspace Gas Chromatography'Mass  Spectrometry (Tekmar 7000 HS-Varian
2100T GC/MS System-lon Trap Detector), Noveniber 2007 (PDF, 28 pp, 292K,

IO RSKSOP2Z76v3: SOP for Determination of Major Anions in Aqueous Samples
Using (kmiﬂhry lon Elee tumkomm with Indirect UV Detection and Empower 2
Software, April 2008 (PDF, i, 40K,

P RSKEOP296vi: S0P for Determination of Hydrogen and Oxveen lsotope Ratios in
Water Samples Using o High Temperature  Conversion  Flemental  Analyzer
(TC/EA) a Mm ingous Flow Unit, and An Isotope Raitlo Mass Spectrometer
(IRMS), September 2010 (PDF, 8 pp, 45K,

PoORSKSOP297v1: S0P for Metals Speciation Determinatio nby LOICP-MS, August
2008 (PDF, 21 pp, UK,

T ORSKSOP298vE: SOP for Arsenic Speciation Determunation by LCACP-MS with
Anion Suppression and NaOH Mobile Phase, November 2009 (PDEF, 21 pp, 452K).

I REKSOP2Y9vI: "}0 for Determination of Volatile Organic Compounds (Fuel
Oxyeenates, Aromatic And Chlormated H\‘if‘ﬁ‘()(ﬁ&ﬁ‘b@‘ﬂ%} in Water Using Autormared
Headspace  Gas Hzmmamw raphy/ \/{ Spectrometry  (Agilent  6890/5973
Cuadrupole GO/MS System). March 2 ‘s (P, 25 pp. 278K

bORSKSOP3E3vE: SOP for Determination ol R-123 Using the HZ5-IR Infrared
Refrigerant Gas Leak Detector, May 2000 (PDE, 13 pp, 194K).

PORSKSOP314vi: SOP for Determination of Fixed Gases Using the Q}FM”‘ 000 and

G}{MQWM) Plus Gas Analyzers & Extraction Monitors, May 2010 (PDF, 13 pp,
84K
P ORSKSOP320vi: SOP for Determination of Organic md mwg;mﬁg: Vapors Using the

TVA-100 H?} Coxic Vapor Analyzer, September 2000 (PDF, 18 pp, 211K,

PORSKSOP330: SOP for Determination of Various Fractio ns of (mem in Aqueous
Samples M ing the Shimadzu TOC-VCPH Analyzer, March 2011 (PDE, 15 pp.

TRK).
While the SOPs listed above may be capable of gener ating acceptable data, the results reported may be
biased wvotil they are subjected to a thorough techn wh review, are reproducible by commercial
laboratories, md are mhmzﬂw approved. Many SOP is cquivalent to EPA approved niethods (e.g, SW-86
methods [US. EPA 201105, then this information. along with the similarities and differences mmw

like mcthods, should be summarized.
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If a laboratory uses a nonstandard or unapproved method USEPA requires the data user to “provide
micthod validation data to confivm that it will bea dequate fov the intended use of the data”™ (US. EPA
2002¢y Information that should be reported with the data would inclade “determmation of detection
limits, quantitation lmits, typical recoverics, and analytical precision and bias” (U5, EPA 2002¢). The
evaluation of such data will “indicate the faborato ry’s ability to demonstrate control of the method and
document the quality of the data obtained” (U.S, EPA 2002¢). In addition, these SOPs listed above should
be subjected to a thorough dnternal and external review and verified by using outside commercial
analvtical laboratories.

i1
7

A
A
Y

This concludes the preliminary QA/QC review of the information documented in the USEPA Drafy,
Tavestigation of Ground Water Contamination near Pavillion, Wyoming report (LS. EPA 2011b) and
associated supporting information aceessed online.
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CHMI

For data to be usable for its intended purpose(s), it must be of sufficient quality and quantity to know that
the decisions that are made have an acceptable and known degree. A detailed discussion of these fopics s
beyond the scope or need of this preliminary data review; Hzmm(m a briel summary of some of the
elements regarding QA/QU processes and procedures, data verification. data validation, DOQA, and data
usability evaluation are pmwwﬂ below for consideration.

Brief Overview of QA/QC Processes and Procedures

There are cssentially three “basic” components tob e completed for any project, which lcad toa speciflic
end-product and/or decision. These are systematic planning, implementation and oversight. and data
assessment. Each of these components s dependent on the others and cach component niust be completed
every time in order to be confident that the right type and quality of the information obtained is usable Tor
its intended p Hpﬁ%{ﬁ Appropriate decisions (or end uses of the datay arc wade with an acceptable
degree of confidence by knowing, in part, the following: 1) the purpose of the project was clearly stated;
2y appropriate DQOs were established; 3) proper tvpes and numbers of samples were collected. that
sampling locations were appropriate, and that correct sample colleetion twﬁmim ey were used; 43 that
appropriate analytical methods were used and the analvses were o xmﬂmw properly: 5) data veriticatio n
and data validation were properly completed and that the overall quality of the date and its limitatio ns
were clearly documented), 0) the data sets were subjected 1o a proper DOA and data usability evaluation
and the findings documented ina report: and, 7) co anwr the findings and the decision(s) made were
correct.

Pwmu planning is essential — the overall objectives of the project should be clearly M;md and understood
by all tcam mombers (e.g., projoct mangers and staff, feld sa npﬁmv team mombers, appliceble labomtory
stalt, and QA/QC per %fmnd} Existing data should be thoroughly reviewed to &MM% its quality and
uselulness, and to help identily data gaps that may need to be f"a led to meet project objectives. Logical
and attainable DQOs (neluding project quality obje ctives [PQOs) and measurement quality objectives
[MQOs]) should be established. Pertinent documents (e, o, fhu work plan, field sas MM ng plan, and quality
assurance project g‘zﬁam should be prepared. Appropriate field s ing design {e.g., location, nuntber. and
tyvpe of samples) and sanipling techimques should be n:}a:wmumm. 'K m most appropriate analyitical methods

should be selected to try o meet the established DQOs. POOs, MQOs, reporting Hmit requirements, and
(ia,w, quality indicators (DQls) (eg, LS. EPA 2005), DQls would be mmpwm measurements  for
precision. accuracy, representativeness, cormparability. completeness, and sensitivity.

Sound science and well-defined QA/QC proccsses and procedures should be used atall times to provide
confidence, with a known degree of certainty, in the overall quality (or uselulness) and potential
Hmitations of the data that is collected. Using data of poor quality and of insufficient quantity mm result
in making incorrect decisions and imewrring unpecessary expenses. A briel description of QA/QU
processes and procedures, data verification, data wvalidation, DQA. and data usability cvaluation s
provided below.

Systematic Planning

Systematic planning is a process that follows “commoon sense.” can be used 1na graded approach. and is
based on following the scientific method. Implementing this process is necessary to make sure an

foed
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appropriate level of “checks and balances™ have bee d fined and followed 1o be conflident with an
acceptable degree of wncertainty that the intended end-use goal(sy of'a project have been met.

Some of the ttems required for the systematic planning process to be effective include. but are not himited
to, the {ollowing;

¥ Establish appropriate, aiwﬁm’hﬂw and well defined DQOs or POQOs lollowing the 7-
Step DOO process (LS EPA 20062). This is the time to define the qualitative and
guantitative objectives of the proj mt {i.c., definc the problem), deline the appropriate
tvpe, quantity and quality of data that will be needed and to cpm ify tolerable Himits of
pnmnmf decision errors that can ‘m psed that will permit answering speeilic
questions and support the decisions that mav be made.

¥ Make sure the sampling rationale and design are appropriate to mect the needs of the
project,

¥ Develop logical performance criteria (e, the type, qemmm and quality of data that
should be collected to mect the intended purpose(s) of the project.

¥ Define appropriate MQOs that will specify the quantitative acceptance criteria o be
used to assess the overall qualmy of applicable DQls (c.g.. precision. accuracy,
representativencss, completeness, comparability, and sensitivity).

¥ Prepare applicable teehnical documents such as a work plan, FSP and QAPP,

¥ Define the type and level of technical QA/QC oversight and associated tasks (cg,
data wverification, data validanion, and DOQA and usabibitv evaloation) that will m
wmpﬂum to be able to assess and define the overall quality, limitations, and ultimate
usability (reliabitity) of the dam gathered.

Using the systematic planning approach resulis mum}l%sﬁzﬁﬁ’}g and defining appropriate managoment and

seientific elements that result in a project’s lowic 4“ dmfﬂx‘)m"‘mm“, eflficient use of time and money,

transparency of intent and direction, soundness of project conclusions, and proper documentation 1o allow
determination of appropriate level of peer review,

Data Verification, Data Validation, DQA, and Usability Assessment

Data verification 1s essentially a process {or eval uating the com gﬂmcmxs correctness, consisiency, and
conformance (or compliance) of the data against ﬂm method, procedural and/or contractual requirciment s
that were established during the systematic planming stage. The specific d@:‘m%h of how dara verification s
to be completed should be speeificd in docwments such as the FSP and QAPE

Data validation 1s basically an analvie- and sample- specific process that extends the ovaluation of dat a
bevond method, procedural, or contractual complianc e (i.e.. data verification) to determine the analvtical
guality of & specdic data set. One of the primary purposes of data validation 1s 1o assess the overall quality
of the data and to identify whether the results are meaninglul, and valid, Data validation is a sampling and
analytical process evaluation that includes evaluating compliance with methods, procedures, or contrac s,
and comparison with criteria based upon the quality obje a:liww des Momd for the project. There are
several USEPA guidance documents {e.g, US, EPA 1992 2002b, 2008, 2010) that describe how to
complete data validation should be referred to when (:z,,\mgﬁﬁmﬁ'ﬁ*zg this type oltask. Some of the information
that would be reviewed during data validation is summarized below,
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Example of Data Validation Procedures

Diata validation procedures include evaluating the sample results and app licable quality control results
reported by the laboratories. Non-CLP generated analvucal data should be walidated generally
following the applicable guidance specified in such documents as:

el

POUSEPA Contract Laboratory  Program, Hmmaﬂ E“’rﬁkcu’(;xmﬂ suidelines  for
superfund organic methods data review (US. EP (5).

P USEPA  Contract Laboratory  Program  national funcional guidelines  for
inorganic data superfund data review (US. EPA 2010},

P Guidance on Enviremmentel Data Verification and Validation (U5, EPA
20020,

oo the context of method-specific.  laboratory-estab lished  quality  control
requirements, and requirements specified insuch documents as Field Sampling
Plan (FSPY andior QAPP, as applicable. Data validation procedures will need to
be modified 1o accommodate QA'QC requirements for those analvses that are
not specifically addressed by the applicable USEPA  national functional
ouidelines or  other guidance documents that may be used.

The resulis upmw} for the ficld, field quality contrel samples, md applicable quality control

measurement data should be verified and wvalidated., and should include a review of at least the
following:

! Casc narratives discussing analvtical problems (il any) and procedures.

Chai-of-custody documentation to verify completene ss of the data sct.

¥ Sample preparation logs or laboratory swmmary result forms to verily
analyviical holding times were met.

¥ Results for applicable instrument tuning, initial calibrations. ;md continuing

calibration verification resulls to assess instrument performance

f Resulis for applicable Uwum‘n’wm blanks (le., miual ca a‘%uz*ainxm E“%‘m“«;@ aﬂ’n;%
continuing calibration blanks) metl ma% ?mmk% trip blanks, and field blanks

nine whether an analyte repos rted as detecte d in any mmpig Wwas LM
res nf possible  contamination introduced at the labovatory. during
transport of samples, o during feld sampling, respectively,

P Roesults for &zmha ble imernal standards performance to ensure  that
instrument sensitivity and response were stable during the analysis of the
samples.

P Results for applicable method-specihic quality cont rol measurements (e.g.,
serial dilutions and interference cheek samples for metals analyses and dual
columm confirmation results for applicable organic compound analyses) 1o
assess potential matrix interference effocts.

f Results for applicable  surrogate  compound  {or  sysiem nmmﬁtm’ing

compound for VOU analyses), laboratory control sample (LCS) (e.g. blank

spike), duplicate LCS, matrix spike (MS), and matrix spike duplicate (MSD)
recoveries to assess analvtical accuracy,

¥ Results Tor applicable duplicate LOS and MSD analvses to assess analvtical
precision,
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o Resuls for the ficld duplicate samples to provide additional information in
support of the qo ‘,,hzﬂl’u ASSUTANICE TeVIew.

PoOA review of instrument printouts (e.g., chromatopra s, mass specira, and
quantification reports) to assess the validity of the qualitative analysis of the
data to verily proper compound identifications have been ﬂme and to assess
whether results may have been reported as a {alse negative or false y

LEe

P Verifving q"an‘ai“imuim of sumple results and a‘ppﬂmbﬂm quality control
measurement {e.p., instrament calibrations: surroga te, MS/MSD, and LCS
recoverics; and other applicable information for accuracy and precision) are
accurate by recaleulation.

P Review of all laboratory swmmaries  of analviical results 1o wverify
completeness.

Performance based control limits established by the laboratory and control Hmits provided in the
method protocols should be vsed to evaluate data quality and determine the need for qualification of
alfected results. Data qualifiers (eg, J, Ul U RNy should be assigned  during validation when
applicable QU measurcmont criteria are not met. The resulis of ali verilied and validated data should

be documented and semmarized in report or table.

DOA and usability evaloation (or assessmient) is esy entiallv a scientific and statistical assessment of the
data to determine of the overall objectives established for the project have bcw met and ifthe data are of
the right type, qamﬂity, and guantity to support their intended use(sy (LS. EPA 2006b). This process is
based on a fundamental premise that data quality is meaningtul only when it relates to the mtended use of
the data and to help identify data delicicncics wmi ma\; affect the mterpretation and vsability of the data
‘zuz;. dred. A THSUWER0) D BEEEAT D@ #3005, L ovalnation of datz based upon the results of data

validation and venification for the decisions bwﬁg made. Inthe usability siep, reviewers assess whether
mc process execution and tesulting data meet quality objectives based on criteria established for the
project and/or in the QAPP. DOA and usability ovaluation, in the strictest sense defined by USEPA (U5,
EPA 2006b), is completed using five steps and is an iterative process that invelves the use of statist ical
and graphical tools, for example, to detormine ifthe data are ol appropriate quality with a known degree
of confidence {or uncertainty) and that Hm data can be used Tor its nwmkd mmmm(%) By completin g a
DOQA and usability evaluation, it can be detenmined  with a greater degree of confidence  if'the overall
objectives established for the projeet have been metand ifthe data are o fhc vight type, quality, and
guantity 1o support their intended use(s)

i
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CHM

ENT 2

GRO means Gasolineg Range Organics and DRO means Diesel Range Organics. Docs this mean that GRO
results mml that gasoline (c.g. automotive gasoline) or that DRO results dmply a diesel fuel prodoct
{such as fucl ofl #1 or fuet oil is present in the sample or does it mean something else? It iw important
to have clear understanding of what is meant by GRO and DRO. A briel discussion for information
purposcs is provided below,

Basic Introduction to “GRO” and “DRO”

Analyses for GRO and DRO were con

wleted using SW-846 Method 80130 (US. EPA 2011b). This
method states the following in Section 1.2.2:

“GRO corresponds o thc range (}F alkancs fm‘r‘z (6 to C10 and covering a boiling point range of
approximately 60#C O#C (Reference 6). DRO corresponds 1o the range ofal kanes from C10 to
C28 and covering a b:}ﬁimg gmnm range oﬁ approximately 1708C — 430#C (Relere 1m 6). Th

quantitative analvses of these fucl types are based on the p'ﬁ*m:edz,mﬁ described in Sec. P Hw

identification of specific fucl tvpes may be complicated by environmental processes such as

evaporation, biodegradation, or when more than one fucel type s present. Methods from other sources

mmw be move appropriate for GRO and DRO. since these hmhm arbons are not regulated under RCRA,
Consult State and local regulatory authoritics for specific requirements.”

Seetion 1.2.2 of this method clearly refers to fuel types. thus inferring a gasoline or diesel product. GRO
isa qualitative and quantitative method for the an ;fzﬂw‘"%‘ of volatile petrolevm products (r;:.g; asoline) that
would include petreleum products such as aviation lucl, automotive gasoline(s), mincral spirits, stoddad
solvent. naphtha, and natural gas mm%c'wmm DRO is a gualitavive and quantitative method for
semivolatile petroleunt products (e.g., various dicscl fuelsy that would include petrolcwm products such as
some jet fuels, kerosene, diesel vc% fc o (ﬁww and diesel #2

=8
A

#1

Additional discussion of peiroleum fuel products from other owtside sources is summarized below for
iflustralive purposcs.

Agency for Toxic Substances and Disease Registry (ATSDR)

ATSDR (ASTDR 1995) defines gasoline as the following:
“Gasoline is a refined product of petrolenm consisting of a mixture of hydrocarbons, additives, and
blonding agents. The composition of gasolines varics widely, depending on the crude oils used, the
refinery processes avatlable, the overall balance of product dmmmi and the product spectfications.
The i}'pimﬂ a“(’}mp@fmmf of gasoline Ewmmmbum (%o velume) is as follows: 4-8% alkancs; 2-5%
alkenes: 25-40)% isoalkanes: 3-7% cvcloalkanes: 1-4% cveloalkenes; and 20-50% total aromatics (0.3
2.5% benzency (JARC 1989 Additives anc z‘mum ng 2oc LL; arc added o m hydrocarbon mixture to
improve the performance and stability of gasoline (TARC 1989; Lane 1940 hCM compounds nclude
anti-knock agents, anti-oxidants, moetal deactivators, lead cngers, anti- Vifil agents, anti-ich
agents, upper-cyvlinder lubricants, detergents, and dyves (TARC 1989: Lane 1980). At the end of the
production process, linished gasoline typically contains more than 156 separate compounds although
as many as 1,000 compounds have beer identified in some blends (I ”)mmszf 1984; Mehlman 1990).
Information regarding the chemical identity of gasoline is located in Table 3-17
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ATSDR (ASTDR 1999) also defines tvpes of "GRO™ as follows:

“Auntemotive Gaseline, Automotive gasoline 1s 2 mixture of low-botling hyvdrocarbon compounds
suitable for usc in spark-ignited internal contbustion engines and m\w an octane rating of at least 60
Additives that have been used i gasoling include alkyl terniary butyl LMGM {e.e. MTBE). ethanol
{cthyl aleobol), methanol (methyl aleohol), tetramethyl-lead. (o ;M I-tead, uLn ene dm ]l(mu&, and
ethylene dibromide.

Other categories of compounds that may be added to w’z%?““ ¢ include anti-knock agents, antioxidants
metal deactivators, lead M\f&,mmm aunti-rust agents, anti-icing agents, upper-cylinder lubricants,
deteroents, and dves (ATSDR 19854,

Automotive gasoline typically con t ns about 150 hydrocarbon compounds, though nearly 1.000 have
been identified (ATSDR 1993a2). The relative concentrations of the compounds vary ¢ (\u‘mmmﬂm
depending on the source of crude oil, refinery process, and product specifications. Typical
hvdrocarbon chain s range from C4 through C12 with a general hyvdrocarbon distribution
consisting of 4-8% allanes, 2-5%% alkencs, 25-40% isoalkancs, 3-7% cveloalkancs, 1-4% cycloalkenes,
and 20-50% aromatics (TARC 1989a). However, these proportions vary greatly. Unleaded gasolines
may have higher proportions of aromatic hydrocarbon s than leaded gasolines.

g
=

Table E-1.b (Appendix E) prosents ranges and weight percentage means for a representative subset of
the hydrocarbon compounc ds identified in gazoline. In cases where data are not available, the range and

mean are left blan

e’i

“Stoddard Selvent. Stoddard solvent is a petroleum distllate widely used as a dry cleaning solvent
and as a general cleancr and degreaser. It may also be used as a paint thinner, as a solvent in some
types of photocopier toners, in some types of printing inks, and in some adhesives. Stoddard solvent is
considered tobe a lorm M mmml spirits. white ‘mmc\ and naphtha; however, not all forms of

mineral spirits, white spi and naphtha are considered to be Stoddard solvent (ATSDR 1995b)

Stoddard solvent consists of 30-30% Hnear and branched @ ﬁwmw 30-40% eyeloalkanes, and 10-20%
aromatic hydrocarbons. s typical hydrocarbon chain ra from ( 7 through C12 in les
Althou h a complete list of the individual compounds con

&

prising Stoddard solvent s 1 not available
{Atr Foree 1989) seme of the major components are mmcmm it ”’m@ E-2 5 (Appendix E). Alcohols,
gﬁwmw aind ketones are not ine ezdecﬁ mn the mrwmw on, as few, ifany. ol these types of compounds
would be cxpected to be present in Stoddard solvent (ATSDR “x",ﬁfﬁ»,,). Possible contaminants may
include lead (<1 ppm) ’md sulfur (3.5 pprm).”

*Jet Fuel. Jet fuels are Bght petroleum distillates thal are available in several forms su ahl(? for use in
various types of jet engines. The exact col ﬂpmumum of jot fuels are established ‘iw the U.S. Air Force
using specilications that m d maximum performance by the aireraft. The major jet fuels uwd by the
militacy are JP-4, JP-5. JP-6. JP-7, and JP-8. B&mfﬂv JP-4 18 a wide-cul feel fswmw:& ot broad
availability in times of need. IP-6 152 mawm cut than JP-4 and 1z characterized by fewer impurities.
IP-5 is spec ially blended kerosene, and JP-7 is a high “ﬁmlﬁ po'm special kerosene used in advanced
supersons ic aircraft, JP-8 is a kerosene nmdcﬁcd on Jet A-1 fuel (used in civitian afrcraft). For this
profile, JP-4 will be used as the prototype jet fuel duc 1o its bumd availability and extensive use.

Typical hydrocarbon chain lengths chavacterizing JP -4 range from C4 o € Aviation fuels wwm
primarily of %mvu and branched alkanes and cveloalkancs. Aromatic mﬁmwr{m)m arc himited to 20-
25% ot the total mixture because they produ cc smoke when burned. A maximum of 5% alkenes are
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allowed in JP-4 (ATSDR 1995¢), The approximate distribution by chemical class is 32% straight
alkanes, «*m branched alkanes, 16% cycloalkanes, and 21% aromatic hydrocarbons (ABB
Environmental 1990y, The typical hydrocarbon composition of JP~1 s presented in Table E-3b
{Appendix B}

ATSDR (ASTDR 1999) defines types of "DRO” as follows:

“Fuel Uil #1. Fuel oil #1is a petroleum distillate that is one of the most widely used of the fuel ol
types. It is used in alomizing burners that spray fuel into a combustion chamber where the tiny
droplets bum while in suspension. It is also used as a careier Tor pesticides, as a weed killer, as a mold
release agent inthe ceramic and pouery industry, and in the cleaning industry. [tis found in asphalt
coatings, enamels, paints, thinners, and varnishes.

Fuel oil #1 is a light petroleum dm'w‘%e (%t“aﬁ t-run kerosene) consisting m’ﬁm:ﬂ‘iiy of hydrocarbo ns
in the range C9-C16 (ATSDR 19958). Fuel o1l #11s very similar in composition 1o diesel fuel oil #1
the primary difference s in the additves. “Mc typical hydrocarbon composition of fuel oil 4
mmumd in Table E-4.b {Appendix k)7

‘1

is

“Fuel Ol #2. Fuel oil #2 is o petroleum distillate zha t may be referred 1o as domestic or industrial. The
domestic fucl oil £ ly lighter and stra ;’ﬁuw refined; it is used primarily for home heating
and 1o produce diesel fuel #2. Indusimal distifiare is the cracked type, or a blend of both. 1t is used in
smelting furnaces, ceramic kilns, and pac xagcd bm ers (ABB Environmental 1950).

Fuel oil #2 is characterized by ’wdmcur&mm chain lengths o the CH-C20 range, whereas diesel fuels

predominantly contain a mixture of C10-C19 hydrocarbons (ATSDR 1995¢). The composition

consists of approximately 064% aliphatic E’;wﬁmm” rbons (straight chain alkanes and cyeloalkanes ,
I

unsaturated hydrocarbons (alkenes), and 35% aromatic hydrocarbons (ncluding alkyibenzenes md

Jering aromatics) (Air Force 1989). Fuel ol #2 contains less than 5% polveyelic aromatic

hvdrocarbons (TARC 19890} The typical hvdrocarbon composition of fucl oil #2 is presented in Table

¥ ; ) ¥ ; I I

E-4b (Appendix E).”

“Fuel Ot #6. Fuel oil #6 15 also called Bunker C or residual. It is the residual from crude oil afier the
tight oils, easoline, naphtha, fucl o #1, and fuelotl #2 have beon ﬁ*’xcummd off. Fucl oil #6 can be
blended directly to heavy fuel oil or made into mpk alt. s imited 1o commercial and industrial uses
where s ,Juﬁ%m,m heat is available to fuidize the ofl for pumping and umr'm sticn (ABB Environmental
1990,

Washington Department of Ecology, Analytical Methods for Petroleum
Hydrocarbons

The NWTPH method (Ecology 1997) uses the following cxplanation:

12
&

PoOsNWIPH-Gx is the qualitative and quantitatve method (extended) for volatile
{("oasoline”) petroleum products in soil and water. Petroleum products applicable for
this method mclude aviation and automotive gasolines, mineral spirits, stoddard
solvent and naphtha”

BN WTPH-Dx s the qualitative and quantitative method (extended) for semi-volatile
(“diesel”) petroleum products o soil and water. Pewoleum products applicable {or
this include jet i“z,tcﬂfa,, kerosene, diescl oils. hydraulic fluids, axineral oils, lubricating
oils and fuel oils.
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Asgis evident from the descriptions provided, "GRO” and "DRO™ includes several tvpes of petrolenm
products. 1 s, therelore, eritical that USEPA elavify what they are deflining as GRO and DRO, what are
the qualitative and quantitative @xmcdm% that were used, a description of the potential bias of this data

{un,;.z,.? ag mm ovlack of agrecment of sample datato the standards used for assessment), and other
specilic derail

Analysis of GRO and DRO

eneral Information

SW-846 Method 8015D s one methed that can be used for the determuination of ~C te €, gasoline range
orgapics (GROs) and - ( o to Uy diesel range orvganics (DROs). Analysis for GRO is completed by purge
and trap and analysis using a GC/PID and GUFID. Analysic for DRO is based ona solvent extraction and

analysis by GC/FID

The calibration of GRO and DRO is markedly different from that for single-component analvies. In
particular, the response used f@r calibration must represent | the entire area of the chromatogram within the
retention time range for the fuel type (GRO or DRO) . incleding the vnresolved complex mivture (LCM)
EEm hes below the mdividual peaks (See Sec. 1111 for wformation on a‘aﬂa:uﬂ‘@mﬁ’}% this area 1 SW-84 6

Met] xm) SW-846 Method 80150 states insection 11.3 .31 that for each fuel type, calibration standards

should be prepared al a minimom of five different concentrations with one ol the standards at a
concentration at or below the quantitation limit necessary for the pmimt The concentrations of the other
standards should be throughout the range of concent rations expected 1o be found in samples analyzed (or
should define the working range of the detecior),

SW-846 Method 80150 specifically states that “Whenever possible, the calibration should be performed
using the specific fuel that 15 comaminating the site (c.g. 2 sample of the fuel remaiming i the tank
suspected of leaking) ‘»& here such samples are not available or not known, wse recontly purchased

commercially-available fuel. A qualitative screenin g miection and GO run may be performed (o identify

(%

unknown fucls, waitfm 1142, SW-846 Methoed 80150, the retention time range for GRO s defined
using two specific gasoline components (1e., Z-methyipentane and 1,2 4-trimethylbenzene). In section
1143 of SW-846 Mcthod 80151, the retention time range for DRO s cstablished  from the retention
times of the CH0 and C 28 alkanes,

[Ohs

This method also states in Section 1165 that "The identification of fucls, especially gasoline, is
complicated by thew inhcrent w‘;ﬁmmv The carly eluting compounds in {uels are obviously the most
volatile and the most likely to have weathered unless the sat *rmﬂfw were tzken immediately following a
spitl. The most highl

ly volatile ﬁ(},mgam of gasolin ¢ constitutes 50% ofthe total peak area of'a gasoline
chromatogram. This fraction is the least likely to be present in an enviremmental sample or may be present
at only very low concentration in relation 1o the remainder of a gasoline chromatogram.”

Fotential interferences

Diuring analysis, matrix interforences ﬂn mav be present can significantly bias the data. SW-846 Method
S015D states insection 4.4 (LS. EPA 20110) that “The {lame tonization detector (FI1D) is a non-selective
detector. There s 2 potential for many non-target compounds present in samples o interfere with this
analysis. There is also the potential for analvics to bo resolved poorly, cspecially in samples that contain
"’zm‘ ‘z}hvtm The data user should consider this and mav wish to alter the target analvte Hst
accordingly.” The type and extent of matrix interference will vary considerably from one source to
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another dep % ng upon the nature and diversity of the site being sampled and may include ceriain

o o

solvents, M eenaied hvdrocarbons and phthalate esters.

Cleanup of sample extracts is offen necessary to remove or minimize interferences caused by the presence
ol non-target analvics in order to permit reliable qualitative identification ol target analytes and accuraic
guantification of the concentration of the tareet analytes. Interferences mav be from the presence of
vartous natural and/or man-made organic chenicals also present in the matrix, during transport of the
samples, and/or introduced at the laboratory during processing and ana ‘f/w\ of the samples. Cleanup of
samples analyzed for “DRO™ is oflen a necessity, usually using silica gel. The purpose of the siliea wi
cleanup procedure is to remove as many non-petrolenm hvdrocarborn interferences (often of biogen
oviging that may be present in the sample. This cleanup step helps 1o minimize any petential positive mm
reporting of false positives and the reporting of concentrations that are actually lower than are
‘gmnwﬂcd if ¢leanup has not been completed) that may be associated with the resulis reported. Additional
cleanup  procedures, such as alumina, may also be used to further minimize non-target analyte
interierences.

Qualitative ldentification and Quantification

Qualitative identification is iw cally based on co mparison of the «smm}ﬂw chromatograms 1o those ofthe
standards used during analysis and is often veforred to as “lingerprint matching.” SW-846 Method 8013
is wery specific concerming qualitative identilication ¢riteria that must be used for GRO and DRO
analyses other than using retention time windows for the first and last eluting pca'ﬁw within MC GRO and
se. The method is clear in stating that calibration should be performed using the specific fuel that
inating the site

Often, if gasoline is present in a sample, it will match the prefile of the standard unless significant
weathering has occurred, but generally the compounds eluting between toluene and naphthalene are
éw‘mzﬂﬁv present il the sample contains gasoline. It should be noted that i specific petroleum product

dentification cannot be made, an analyst uvsually should quantitate the samples using the calibration curve
(;ﬂm petrolewm product that most closely resemble s that of the sample. Other methods (Ecology 1997)
state that 1f petrolenm pi mdwt cannot be identified quantification should be made with the gasoline
calibration curve; however, “the term "wasoline rar m” E“gwdwmm"hmn& or devivations of i, should not be
nsed when reporting the ;*zmmlm m values unless the is vnable toidentify the petrolenm product
present.”

Ihe data reported %;y USEPA reference GRO as "TPH as gasoline” m all laboratory data summaries and
used gasoline asthe calibration standard. For the analysis of DRO, the USEPA mpm‘wd the results as
“diesel range organics” and based all quantificatio ns using a dic i2 product as the standard, A detailed
description of how the USEPA s defining, qualitati vely identifving, and quantifying GRO and DRO 15

requested.

ACE analyrical methods should be considered to more defimtively verily the absence and/or presence of
GRO and DRO in all samples. Examples of ACF analyse s would include su @h analyses for PIANO (e,
¢

Paraffing  [stratght-chain  alkanes)|,  Isopara mm [branched  alkanes Aromatics,  Naphthenes
[eveloalkanes], and Olefing [alkencs]; aliphatic hy drocarbons (ie., the vmmmi alkanes from »-C 4 1o n-
Cho. pristane, and phyiane), and total resolved and unresolved complex m%mc« by GU/FID; PAI k and

alkylated PAHs E"m GO/MS operated inthe sclected jon monitoring mode (5IM): bioman J;vr compounds
b

uch as steranes and terpanes by GOCMS SIM, and a foll GO/MS scan for mimh ume-related compounds
I i Iy

n-alkanes, isoalkanes, isoprenoids, alkvlcyel ohexancs. alkybenzenes, and bicyelanes within the T
40 range).
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Executive Summary

As a result of objectionable taste and odor complaints from omumdwam in domestic water supply wells
reported in carly 2008 by homeowners near Pavillion, Wyoming, USEPA (f.P/’k ) completed a retrospective
groundwater investigation ofthe area. The investigation revealed various VOC’s, SVOC’s, and methane
among the contaminants in the groundwater. This report is relative only to EPA’s draft ir interpretations and
conclusions regarding methane/ethane in the groundwater.

The EPA mvestigation essentially concly ‘dw that thermogenic gas discovered in the groundwater has a similar
stable carbon and hydrogen isotope composition of ncarby opcrating gas wells, and thercfore, the source of gas
i the water supplies must be from area gas wells.

EPA’s conclusions regarding the sources of methane/ethane in the groundwater are not supported by the data or
their investigation as provided 1 the December 2011 draft Report. Specifically:

e EPA’s draft conclusions are dismissive of important cvidence that reveals 1) thermogenic methane
occurs as a natural mmdm on and secondarily 2) possibly the result of legacy gas well conditions for
wells drilled n the field beginning in the 1950's.

e Isotope data suggests some oxidation of the gas in the shallow system; however, dissolved norganic
carbon (DIC) 1sotope data that do not corroborate this pathway are not dmumed by EPA.

e EPA cites higher methane mmwmz‘mmw; in groundwater at water wells in closer proximity to gas wells
as a line of evideace ndicating impact from area gas wells. This link is neither scientifically valid nor
substantiated by EPA’s investigation. Definition of the hydrogeological system and time series
monitoring arc neeessary to interpret methane concentrations in an aquifer system.

o Deails of gas wgﬂﬂ construction and completion critical to understanding the source of gas sampled from
gas w clls are not provided in the report. Without these details, links of gas well activity to alleged stray
as in the aquifer m,wtgm are tn'>g,u1tmuz"ntn&zcd

a9

o Three potential mechamisms of gas migration due to gas well am\/ﬂty arc offered by EPA: however, pre-
existing gas and, Ha potential for gas migration duc to legacy conditions represent more viable sources
of gas n the aquiter system vyer are not discussed as potential sources.
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Introduction
This report provides my review. and interpretations of the molecular results, the stable carbon and hydrogen
isotope compositions of methane. cthane, propane and butanes for gas samples, cmd molecular results and stable
carbon and hydrogen isotope compositions fw ma hane, cthane, and dissolved morganic carbon (DIC) for water
samples as provided in the December 2011 USEPA Drafi {:,pu mv stigation_of Groundwater Contamination
Near Pavillion, Wyoming, EPA analyzed groundwater for isotope geochemistry from thirty six water wells
ncluding mw decp groundwater monttoring wells installed by EPA (MW-01, MW-02) screened at 233m to
39m (7657- 7857 ) and 293m to 299m (960" ~ 9807 ) respectively. All other wﬁvmo water supply wells were
itled to shallower depths ranging from 14.6m (~48") to 243.8m (-800")

23
dr

My review and comments are restricted to the molecular and 1sotopic m'"a"wwi?mm for gas and water samples,
and discussion on mechanism of gas migration. The dataset in the EPA report include samples collected m.,:ﬂ;m‘c
and during the investigation. The EPA study docs not provide baseline methance/cthane concentration or isotope
geochemistry. The isotope data reveal the methane detected in the groundwater and well head spaces for z:[ﬂ
wells are thermogenic o onigin. Isotope compositions are plotted on interpretive isotope plots (Figures 1 & 2).

EPA initiated this investigation as a result of complaints in early 2008 by several private water well owners near
the town of Pavillion, Wyoming alleging the onset of .. taste and odor” problems. EPA’s investigation was
mitiated in September 2008 vader the authority of the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA).

Backeround

The area of investigation 1s described as a sparsely populated rural area east ot the town of Pavillion, Wyoming.
Domestic water wells overlie the Pavillion gas field, one of several gas fields within the Wind %nvu Basin. Ol
and gas exploration wells to this f“zwﬂd were drilled in the 1950s. Natural gas production in the Pavillion gas
field is reported to have commenced in 1960 with increased gas well dr Hnm activity 1 the late 1990s — 2006,
The field consists of approximately M) ‘w rical production wgrﬂﬂ& Natural gas production 1s from v'hw Wind
River Formation (Fm.), and decper Fort Union Fm. The Wind River Fm, extends from the surface
approximately 3400 feet below grade surface (bgs). The most productive gas zone in the Wind me* Fm.
occurs at its base. The Fort Union Fm. ranges in thickness from 2500-3000 in the area. (USEPA, 2011)

tis reported that gas from the Wind River and Fort Union Fms. varies little in 1 C for methane, ethanc and
propanc with depth from the lower Eocene Wind River Fm. to deeper mature amd post mature Upper Cretaceous
source rocks. It is further stated that this suggests upward gas migration from deep source rocks. (Johnson and

Rice 1993 and Johnson and Keighin 1998)

Groundwater from the | W‘mw Wind River Fm. is identified as the principal potable water source in the Pavillion
Total dissolved solids (TDS) concentrations in the groundwater are reported at concentrations ranging
from 100-5 110 mg/l. (WY ‘mum Water Plan 2003, Daddow 1996).
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EPA Draft Report findings for dissolved phase and gas phase geochemistry & transport mechanism s

1. EPA’s investigation into the origin and source of natural gas in the Upper Wind River aquifer 1s
retrospective. Their review of geophysical logs obtained online from the Wyoming Onﬂ md Gas
Conservation Com mwon (WOGCC) site reveals wwu ral gas shows at 649, 682 and 826 fi. bgs.
between the years of 1965- 1973, As stated in the EPA draft report, this information provi dw cvidence
of natural gas in the groundwater at depths of dmmmt > groundwater production prior to cxtensive
commercial gas development in the Wind River Formation. Further, natural gas production began in the
Pavillion ficld in 1960.

Review Comments:

There are no bascline methane/ethane concentrations ot isotope data for groundwater from the Upper
Wind River system. This is problematic as the evidence mwat“te@:ﬁ during EPA’s inves gs‘z fon reveals
the occurrence ot natural gas in the aquifer system decades prior to their investigation. Further, pre-
existing gas development beginning in 1960 represents a potential for gas migration duc {0 ﬂag,a(w,}/ gas
well conditions,

The Upper Wind River Fm. s identified as both the m‘;&mw for area domestic water supplies and deeper
units as producing commercial volumes of natural gas. EPA briefly discusses the complexity of the
aquifer system through analyses of geophysical logs hy pﬂmmm out thf: lithology as highly variable and
difficult to correlate well to well. Groundwater occurrence in the area is further characterized as
complex with variability i loce Hm clevation, mmd geologic unit. U‘%(;‘« reports {(Daddow, 1996) more
than 30 water-bearing formations m the Wind River Basin. F urther, the Wind River Basin has a
complicated structure created by uplifting, f‘mldm;z and faulting.

&

The complicated geologic setting of the Pawvillion area provides a subsurface environment for upward
gas migration through buovancy-advective transport mechanisms as a natural condition during past
periods of increased geologic activity. Legacy gas wells also provide a potential conduit for upward gas
migration. 1t would, therefore, not be unexpected to have ﬁha:' occurrence of thermogenic methane in a
shallow aquiter system above a petroliferous basin with migration as a natural condition or secondarily.
duc to legacy gas well conditions,

EPA did not pro p@zﬂv consider or evaluate the hikelv probability that methane in the Wind River aquifer
system was a pre-cxisting condition.

b2

EPA reports that elevated concentrations of dissolved methane detected in domestic water wells
increases, in gencral, in water wells within proximity to gas production wells. It is also reported that
methane was not detected in m}m How water supply wells at depths < 164 fect regardless of proximity to
natural gas mf}dwﬂm wells. The EPA drafi mmw offers that methane concentrations are more elevated
when there are > 2 production wells within ~1970 feet (horizontal distance) of water supplics

Review Comments:

The basis for EPA’s correlation of dissolved phase methane with proximity to natural gas prm:ﬁw;"
wells 1s &gw@f onable. Mcthane solubility 1n groundwater 1s, in large part, a function of hvdraulic Mmi
pressure. In order to define spatial relationships between rmﬂmw concentrations 1 the groundwater of
domestic water supplics and the proximity to producing gas wells, it is necessary to define bascline
conditions, and hydrostatic propertics of the aquifer system including: 1) specific zones that vield
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groundwater to the domestic well, and 2) fluctuations 1n the hwﬁ‘msmw head caused by daily use and
wmwmmv Additionally. gr¢ oundwater vield for private water supply wells otten varies well to well
especially in ﬂmuu flow systems such as what cceurs in 111@ 'V\, ind River Fm. These variables directly
affect the concentration of dissolved phase methane in the groundwater, and arc nccessary to define
betore spatial relationships between dissolved phase 1 methane ang pmwﬂm to gas wells can be linked.
This testing must be over sufficient timeframe to obscrve trends (i.c., seasonal variations) 1n the data.

Dissolved phase methane concentrations 1n groundwater are reported at concentrations up to 19 mg/l.
Table Ada. for EPA’s draft report ¢ ummr izes dissolved phase concentrations of Hight hydrocarbons.
Groundwater data are provided for 3 sampling events for the 36 sampled water supplies.
Signiticantly, only dmd from EPA’s dcwm monitoring wells (MW-01, MW-02) reveal methane
concentrations above | mg/l. Data for the remaining 34 water supply wuHm reveal dissolved phasc
methane concentrations Y@c’ﬂmw I mg/l. Methane concentrations below 1 mg/l in an aquifer S}/atui‘ﬂ ina
petroliferous basmn are more indicative of a baseline condition and not tndicative of gas migration due to
gas well m:mvn‘ﬁy”

Dissolved phase methane concentrations of the range reported during this investigation do not manifest
in a manner that would be detectable by owners of private water supply wells, and therefore, could have
been present for many years prior to recent gas well activity. The original complaints to EPA were taste
and odor. Methane 1s colorless and odorless. EPA scemingly makes the unsubstantiated association of
VOC and SVOC contamination in the aquifer with ethane in the aquifer, all being sourced from area
gas wells,

¥

3. The EPA report states that gas in the water &»umhw nterpreted to be thermogenic in ongin with soir
evidence of oxidation for groundwater samples in proximity to a December 2005 water well blowout
where natural gas mm% the borchole for 3 days.

Review Comments:
Details for the referenced water well blowout are not provided n the EPA report,

Isotope compositions for groundwater supplics reveal a similar thermogenic origin for methane for arca
sampled gas wells. M is not uncommon for methane/cthane 1n shallow aquiter systems o be
thermogenic in origin, and m the aquifer svstem due to source materials and migration pathways natural
to the subsurface. This is especially true for formations that scrve as the aquifer and as a natural gas
f yroducing form mim'ﬂ such as the Upper Wind River Fm. Thermogenic gases in mmf’{:r systems with
stmilar nw’mpw compositions as gases from deeper Dwdmm g formations 1s not, in of itself, evidence of
gas migration, mem studics reveal thermogenic gas n shallow aquifer systems overlying natural gas
producing formations as a natural condition in other systems including the Northern Appalachian Basin
(Baldassare, et. al., 2012, in press).

H% identifies evidence of pre-existing methane in the groundwater and legacy gas wells in the tield.
This evidence, however, 1s seemingly dismissed as probable sources to the methane found in the
groundwater,

4. EPA identifies three potential mechanisms for gas migration: |} insufficient/inadequate cement outside
of prmjw’«m casing. 2) fracturc fluid cxcursion from thin discontinuous tight sandstonc units into
sandstone units of greater permeability. 3) the process of hydraulic fracturing created new fractures or
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enhanced the permeability of existing fractures, increasing connectivity of the fracturce system.

Review Comments:

EPA acknowledges that the 3 mechanisms of strav gas migration to the aquifer are theoretical and that
additional evidence is necessary to identify pathways. however, EPA provides no discussion or
acknowledgement of the high probability that methane in the aquifer system could be the result of a
natural condition or sccondarily, duc to well integrity problems associated with legacy wells.

e

Reference to the Duke study (Osborn, ct. al., 201 1) is identificd as evidence that similar gas
geochemistry and the potential for the 3 mechanisms of gas migration as well as the vertical chemical
gradient observed during sampling of EPA mstalled wells MWOT and MWO02. EPA reports on the Duke
study that: “Isotopic data and other measurements for methane in drinking water were consistent with
gas found in deep reservoirs such as the Marcellus and Utica shales.”

Review Comments:
The Duke study related the occurrence and frequency of occurrence of thermo m;:mic gas In private water
supply wells as an indication that the methane/ethane in the aquiter came trom natural gas production,

The frequency of thermogenic methane m aquifer systems in proximity to arca gas wells requires
definition of the hydrogeologic system, baseline methane concentrations, and time series data to
evaluate variabtlity. Neither the Duke study nor the EPA draft report defines these parameters.  Further,
recent rescarch documenting baseline methane conditions from a significantly larger database (>1900
samples) than what was utilized for the Duke study reveals thermogenic gas as a natural condition 1n
many arcas of the north eastern Appalachian basin (Table 1). Significantly, a more detailed review of
the geochemistry at the site specific level also reveals a complex thermal and migration history with gas

mixtures and partial isofope reversals (1 C,>1"C,) and thermally mature gases documented in some
arcas throughout the stratigraphic section above the Marcellus Formation. The study results revealing
the origin of thermogenic gm in the shallow aquifer system and the complexity 1n gas geochemistry of
the north eastern Appalachian basin provides an applicable analog to the Pavillion area investigation
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Quaternary end Upper Dovontan strata in the upper 610 m (2,000 1) MGL isotope data

lsotope. Mean (%e) # Data Pts, Sid. Dev,
di3C 424D 134 369
disC2 w3, 57 12 243
dDCH w22820 76 3491

1

Middle Devonian strata, (includes the Marcellus Fm ) ata depth > 1,524m (5,000 {t) MGL isotope data

Isotope Mean (%o) # Data Prs.
Azl -32.87 1519
dizC2 -38.064 1484

dbC 1 ~103.45 1386

Ouaternary and Upper Devonian, gas and water samples from baseline groundwater testing pragrams

Isotope Mean (%o} # Data Pts. Std. Dev,
di3Ch -45.23 6 16.02
d13C2 -35.02 13 6.86
dbCh 221219 67 4398

Table 1: 1°C;, 17°C, 1DC, compositions for mudgas (MGL) data and baseline groundwater samples
in N.E. Appalachian Basin

6. Samples for dissolved morganic carbon (DIC) were collected and analyzed for this investigation, DIC
provides another parameter to constrain biodegradation of methane in the aquifer. The DIC results are

not discussed in the EPA draft report.

Review Comments:

DIC concentrations represent the combination of CO37+HHCO+CO, dissolved in water. DIC are best
interpreted by defining bascline conditions in the aq mf*& Methane degradation 1s evidenced when the
isotope of methane becomes enriched 1 13C and the DIC becomes lighter. Although baseline DIC 1s

absent from the datasct, the DIC concentrations for the d@ mestic water wells that reveal oxadation of the
carbon 1sotopes (PGDW 20, PGDW 30, PGDW 32} are not h:Hy substantiated by the DIC of'the
PGDW 30, PGDW 32 water wells. (Figure 3} EPA should explain and further evaluate DIC resulis in
the context of thelr conclusions.

7. The isotope data reveals the natural gas m the Wind River and Fort Union Formations is from the same
source rocks.

Review Comments:

The protocol for gas sample collection from i xwmmd gas wells 18 not reported or identified in the
QAPP. Well construction/completion details, and casing pressure of gas \MH::, sampled are not
provided. In order to constrain stray gas to a potential point source (w 1as a gas well), 1t 1s imperative
that the mechanical dimensions of the point source are defined. It is not clear if different producing
intervals occur 1n gas wells drilled to the Wind River and Fort Union Fms., or if gas samples were
collected from specific casing intervals. Analyses of natural gas from dift erent gas producing intervals
may reveal differences in gas origin
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Inv mmmm ns to determine gas origin in an aquifer overlying a known natural producing formation
requires bascline data collection. m, Eﬁ YA mvestigation 1s retrospective and does not provide the
necessary data to constrain the origin of gas in the aquifer.

Conclusions

The EPA DRAFT Report represents a retrospective study. Methane in groundwater was not considered as a

probable baseline condition by the EPA though existing information reveals 1t was likely present in the

groundwater prior to the reported complaints. Information obtained from the WOGCC reveals methane as a

pm existing condition in the arca.  An aquifer that overlics a known natural gas ficld and the potential for gas
nigration due to historical natural g gas well development provide potential sources for methane detected in the

&om@mm water supply wells.

EPA’s investigation detected concentrations of methane 1n domestic water wells at concentrations below | mg/l.
Methane is colotless and odorless and at concentrations below 1 mg/l would not be detectable by private water

supply owners. The EPA report acknowledges that multple limes of evidence are necessary to identify the
source(s) of stray gas in the groundwater; however, the specitic mechanism of gas migration is not identified in
the EPA investigation. 1t 1s speculated that 3 mechamisms of gas migration are possible; however, EPA docs not
acknowledge that methane detected in the 1avestigated water mmﬂlg wells could have been a pm-uxiatmg
condition. In tact, i’“mﬁvcd phase methane concentrations below 1 mg/l are more indicative of a baseline
condition than the result of gas well activity.

The molecular results and isotope geochemistry collected from domestic water supply wells during this
nvestigation do not prove the gas is from contemporary unconventional gas production or has mi grfmd asa
result of mmmmmw unconventional gas drilling.  Properly interpreted, isotope geochemistry provides
empirical evidence of gas origin, but not the specific gas source. Other dara types and lines ot evidence are
necessary to identify the specific source of stray gas. The lack of baseline data. evidence of pre-existing
mcthanc 1 the shallow system, methane concentrations morce indicative of a bascline condition, and natural
dynamics of a petroliferous system in close proximity to an aquifer system provides evidence that the
methane/ethane in the groundwater for the area investigated necar Pavillion, Wyoming was likely in the aquifer
systein prior to contemporary unconventional gas drilling activity and complaints by residents.
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ISOTOPE CROSSPLOT

SMW.R
SMW.L

-110 1

-160 -

Subsurface

Microbial Gas
(€O, Reduction)

-210 1

3D of Methane (%o0)
Y
o
&

Near-Surface
Microbial Gas

{Fermentation)

-310 1

Thermogenic Gas
{Natural gas & Coalbed gas)

AMW-LField Dup
“MW2
MW2<Dyp
eMW1
“ MW= Dup
“PGDW30-0411
~EPAMWO-0411
CPODW2O-D4
SEPAMWO2d-041]
SERPAMWOL041]
EPA MWL
EPA MWD
L RDOI
- 1-10(g)
(WRYPGEPO1)

243-108)

(FUYPGPPO2)
$24-25)

» . | | .“‘ —
75 -65 -55
dC™ of Methane (%o0)

1
AN
[

3
[
L

45 35 2

P04
Sy

(FU)PGRROS)
l420g)
{(FUNPGPPOE)

i
|
|
!
|
|

Figurel: Stable carbon & Hydrogen Isotope compositions for groundwater samples provided in EPA’s DRAFT Report for Investigation of groundwater

contamination near Pavillion, Wyoming

Cr, Murvysville, PA1S608 | 724-733-8g59 (o)

tbaldassare@echelonage.com

10



080£600A\VdYd3

&8

www.echelonagc.com

Genetic Characterization of Natural Gas
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Figure 2: Genetlic characterization of gas from natural gas wells and dissclved phase methane for groundwater samples provided in £

ipvestigation of groundwater contamination near Pavillion, Wyoming
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Figure 3: Correlation of DIC and ! 13C, for groundwater samples provided in EPA’s DRAFT Report for Investigation of groundwater confamination
near Pavillion, Wyoming
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